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The 3lashke Islaznd Ultrabasic Complex with notes
non related areas in southeastern Alaska
¥att S, Vizlton, Jre
Abstract
The Blashke Islend complex described in detail and two other complexes

troated briefly are 3 of at least 8 well-defined ultrabasio intrusive masses in
southeastern Alaska, each of which contains all or parts of a genetically related
sequence of basic to-ultrabasic rocks including dunite, pyroxenite, hornblendite,
and gabbro with gradational facles and minor variants. These complexzes are ex-
placed in a variety of terrains, including both Paleozoic and Mesozoic rocks, all
of which have undergone deformation and igneous intrusion during e late Jurassic
or early Cretaceous orogeny culminating in the emplacement of the Coast Range

batholith., The ultrabasle intrusions arc correleted with the earliest phases of

intrusive eotivity and antedets <. .ore . l.cle and alkalic intrusions,
The Blashke Island complci _.. %8 ~ a oL’ eircular core of dunite 6,000
feet to 9,000 feet in diamoter encircled .; a riang . olivine augitite from a few

hundred to 1,500 feect wiie, outsudc .. Wilih Is a nearly complete ring of gabbro,
locally sbsent and ranging up to i,u0J foov wide.

ost of the dunite core contuins only chromite and olivine as primery phases,
Near the margin augite is present ac o late primary phase and tho rock passes into
augite dunite or wehrlite. The olivine augiéite ring coantains essentially only
asugite and olivine, but near its outer margin a 1itile anorthite and hornblende

are present sporadiocally as 2atc primory phases. The gabbro is irregular in come

o]

position and Texture, but tinds To pass from an olivire-sugite gahbro near its inner
contact with olivine augitite inve = horublende gabbro near the outer margins where
it is wideo

Well-defined dikes up to a foot wide of augite dunite and wehriite cut both
the dunite and the olivine augitite and thin dikes of augitite out marginal parts

of the dunite core.




Year the outsr merzir ol the olivine augitite ring there are small, irregular
masces and well-defined dikes of coarse gabbroic pogmatite consisting of coarse
enorthits, augite, olivins, horcblende, and accessories.

A group of dikes, here czlled beerbachite, ranging from olivine gabbro to horn-
blendite in composition and characterized by aplitic texture, cut the olivine augi-
tite and gabbro. Inclusions of country rock in the olivine augitite and gabbro
correspond closely to the hornblende hosrbachite dikes in texture and composition.
One unusual dike-like roock, cross-cutting olivine sugitite and associated with
beerbachite dikes, consists ﬁainly of diopsidic augite and andradite garneot.

Within a couple of thousand fect of the complex there are a number of dikes
and irregular masses of gabbro similar to thatl in the complex. The country rocks
throughout the islands are also cut Ty nur .rous dikes of gabbroic to andesitic com-
position, generally with porphyriti: .ad . kitic or diabasic textures that are meta-
morphosed by and antedate tThe compl.. Ll dikes of andesite-basalt melaphyre
out the complex and are ocorreliztci vw. a1 T "Lury (..3s in the region.

The couniry rocks invaded by thot cox:.:: consi:t of lower and middle Ordovi-
cian graywacke, and conglomercte, Lnc a lover Silurian .oquence containing much
conglomerate, graywacke,/clate, somo _imesvons, and much andesitiec pyroclastic
material, A younger Silurian sequence that is largely limestone is unconformable
with the older rocks and outerops at the north end of the islands over o mile from
the complex, All the Ordovician rocks and the rocks of the lower Silurian sequence
underwent low grade regional metamorphism and seme folding beloro tho laying dowm
of the younger Silurian rocks., Within 100 feel or more of tThe complex 21l country
rocks irrespective of originel composition have been convertod into granulite of
gabbroie composition. The'intonsity of corntect metumorphism diminishes with dis-

tance from the complex and becomss aczligidle within several hundred to e thousand

feet.

The contactc bewween the several rock units of the complex and betwsen the

complex and surrcunding rocks are irreguler in detail but essontially steop. The




oocmplex iz e nearly cyliadricel plug, but nay have passed into o domo-like struc-
ture a short distance above ths preseat level of exposure. The enclosinz rociks
have bosen foléed resionally and are part of a mzjor structure called the Xashevarof
enticlinorium. The complex is strongly transgressive, cutiting across structures
in the eaclosing rocks, but also has had a doming or uﬁward-dragging éffect on the
enclosing rocks. {rdovicilan rocks crop'ouf around the complex and not elsevhere
in the Kashevarof anticlinorium. A system of north to northwest-trending faults
of Tertiary age cuts the complex and enclosing rocks. Ten to 20 feot of post-
glacial uplift is recorded by raised banks of lignitic mud conteining marine shells.

The composition of the minerals comprisirg the principal phases in the com-

-

plex have been determined throughout the cczilci Oy measuremsnt of optical proper-
ties and comparison with published currela:l.as of optical properties and chemical
composition, i

All the mineral componénts ol .. co._...x change systematically in composition
from the core of the complez outward. O0Oliv..s r._.. from FogoFajp in dunite to

°

FoglFayg in granulitized country ..l &ugitat hyperchene, hornblende, and bio-
tite tend to become sicuer in iron with incricsing distance from the core of the
complex. Plagioclase changes from Ab;ing¢ <o cxn intermediate wo sodic plagioclase
in outer parts of the gabbro ring andé in elwucrel couatry rocks., The change in each
isomorphous series is toward the leci refr..iiy ool mizber with inereasing cdis-
tance from the core of the complex. .. syctematic variavioz in composition of min-
eral phases related to a systematic, zon-circtiform arrangement of genetically re-
lated rock units is here vwormed eryp.oc zeil.lSe

Twelve chemicel analyses of rocks fra. wue Slochke Island complex and 2
analyses of outlying dikes are given. The ~uire cod modes ere given and the

analyses are plotted .on wvariatilicz ciocrame ...l a von Vielll diegram, Magnesia is
shown to decroase regularly ... T.. .ore ol ine cor_._ox outward. Lime is at e
maximum in The olivine augiticc ris; .ad decrsases iavarc and outward. Iron is
nearly stablc in tenmor through most of the course of variation. Alumina is vir-

tually negligible in the peridotiiic’ rocks wué becumes a relatively stable major




compoacnt in the feldspathio rocks. Allkelis are ebsent in the peridotites and
subordinate in the feldspathic roclks but increase outivard. Correlative varia-
tions are shown for minor compononis. 4 major breeXx in chemical relationships
oxist between the feldspathic and the peridotitic rocks, mainly ewing to the
presence of alumins as a major ocomponent in the former, where it substitutes in
part for silica, and its absence in the latter.

Hypotheses of origin of concentrically zoned ultrabasic complexes involving
separate solid, semi-soligi;agmatic intrusions, ring dike mechanisms, deformation
of stratiforn differentiated bodies, crystal settling anﬁ convection, and msta-
somatisﬁ are shown to be inoconsistent with observed relationships. An hypothesis
is advocated by the author, involving the intrusion of an ultrabasic magma of %he
composition of wehrlite plus soms water and other volatiles at a temperature sbove
1,000°C., This magma need not be entirely liquid but may consist of solid for-
steritic olivine orystals suspended ix onc or more fluid phases. Upon intrusion
into codbler and more silicic and allilie ruscizs a temperature and;eonoentr&tinn
pgradient is set up between magzm: cal surrcu.iizizs, T;ansfer of chemiocal compon-
eats is supposed to take placc alony -.ads :-.i.c2.. Reasons are advanced for
supposing that, at the probable temperaturis snd proscirss provailing, a gas phass
escapes the magma end permeates the surrousling roclc. (Tcm-:i tha-élséédsé ;rystal-
lization the liguid phase may disappear from ths nsarly‘crysz;;Lized magza end

only & supercritiocal gas phase remain permeating intergramular sscces in all the
—

rockse It is sugpgested that rates of diffucion ere rapid in an agueﬁgg‘gas_abov%
critical temperature and pressure for pure wwater, and that large sccle transfer
of ohemical ocomponents takes place by diffusicn in such a medium. It is ;lso
suggested that if the original magmo is otorsaturated with water and other vola-
tiles there will be an outward migratiocn of fluids toward reginné'uf lower wvapor
pressure where the magma is losing hest end tTuis movement of fluids will cause e

bulk migration of dissolved solids. The effect of itrsnsfer of chemical components

along the temperature and concentration groli..v 5y the above methods, or perhaps

e




ty other procesces unknown Tto the author, is to bring the magma-body to a quaci

steady~state in which olivire is steble in tho hot core of the mass and erystal=-
lizes outward with cooling, while augite beoumes the stable phase at the cooler
margins of the magma ﬁody, where the conceatration of lime and silica is higher,
,and crystellizes inward, replacing early=-formed olivine. Heat exchange, eman=-
ation of volatiles, and outward migration of lime eand magnesia gabbroize the sur=-
rownding rooks and locally convert quantities of it into fluid gabbro magma that
resolidifies to form the gabbro ring of the complex. The origin of minor rock
facies and relationships are developed in detail based on the above explanation
of the major reiationships, and the origin of en ultrabasio magms is disoussed,
Beerbachite dike rocks are attributod to the decomposition and mobilization of
jnclusions of both sedimentary and voleanic country roock.

All of +he olivine-bearing rocizc heve been partially serpentinized., Serpen-
tinization is shown to have been a2 volums for volume replacement in +wo or more
stapges that took place entirely sudbsoquent to the emplacemsnt of the complex,

The initially formed sorpeatine is siown to be iron-bearing and a study of analyses
of serpentinized peridotites indicaics that the combined iron is in the ferric
state substituting in part for silicoa as well as magnesium., Part of the ferrous
iron originelly present in olivine is released as magnetite. EBEquilibrium data

on iron oxides and water suggest that the oxidetion of iron during serpentiniza-
tion is effected by oxygen from the dissociation of water., Field and petrographic
- evidence suggeét but do not prove that the initial stages of serpentinization are
not related to the weathered profile or fto avenues of later hydrothermal or ground-
water attack but are ﬂguteric 2ad that a _ater stage is related to weathering.

The regional distribution of ulwraba:.: intio Zons in Alasks end western
Canada is summarized. The intruclons are Zound To 1l into groups related to
several periods of diastrophism andé plutonic invesion. Areally the ultrabasic
masses are grouped near the roof zones of beotholithio masses of dioritic to grani-

tic composition, but the ultrabasic intrusions antedate the batholithio rocks.

~




Joxtaposition W asers and Lime indicates that the ultrabasié intrusions arcd
the datioliths zr~ common sroducts of & petrogonetic cycle, but the ultrabasic
rocks aro empleced shoad of and sbove the batholiths and there is no evidence
thet can be observed in the field, eside from mere juxtaposition, for differ-
entiation from & common megma. The ultrabasic intrusions and the batholiths
are probably derived from guite different sources during the diastrophic procecs,
They are common produotn of a proocess, not a.magmao

The petrology and structure of the Kanc Peak complex on Kupreanof Islard
is briefly desoribed. It is shown to be o luznel-shaped body with inward dip-

ping contacts between rock units, but the sequcnce of rock units from the core

~outward is similar to the Blaslhlze I:sland cemplsx, Some ovbservations of the

¥ount Burnett oomplex on Cleveland Peninsuli are sumw.rized, indiceting that
although the complex is similer t¢ the Blaclize Island complex in the seguence

and relationships of rock units, it passed in:c an elonzated doms or-a tadbular
mass toward its weste.n end where tie dunite core is overlain by olivine augitite
and gabbro., In the Kane Peak complex the ol.viwc @4gitite and other outer zones
dip beneath the dunite core. I. parts of tae liounv Surnett complex the outer
zones overlie the dunite core. These relaslonships are best ex>iained by a
process of differentiation, such as that wivanced for the Blashke Icland complex,

that is in&épendent to a considerablc degree of the attitude and structurs of

the oomplex and its contacts with enclosing rocks,




Tne Blesrhire Iglands end the other areas with which this report mainly deals
are located in southeastorn Alasie {£ig. 1, p. 8). The Blashke Islands are a
small cluster of islsets belonging to the Kashevarof gfoup in Clarence Streit at
the junction of Stikine Strait and Xasheverof Passage near the north end of Prince
of Wiales Islend, lat, 56° O7'N. lonz. 132° 54'W. The Blashke Islands are 7é miles
N.43°%7. of Ketohikan end 31 miles S.41°7. of Wrangell. The other areas that will
be desoribed briefly are Kane Peak near Cape Strait on Frederick Sound, 13 miles
N.28°W. of Petersburg, lat, 56° 59'N. long. 133° 05'W,, and Mount Burnstt on Cleve-
land Peninsula, 36 miles N. 34°W. of Ketchikan, lat. 55° 47'N. long. 132° 08'W,

Southeastern Alasks is & deeply dissected mountainous'area in a stage approzx-
imating late youth or early maturity, strongly modified by glacietion, with an
intricately fjorded shore line., The reliof at the Blashke Islands is negligidble,
amounting to only two or three hunired feet, while the other two areas have sharp
relief of about 3,000 feet, The 2r-.a i: in the heart of the North Pacific rain
forest and is densely wooded it Tl .eriine near 3,000 feet. Reference is made %o
Buddington and Chapin (1529, pp. 1C-37) for detailed geographical information.

The areas are accessible by Su.t ¢ seceplans only. In the summer of 1546
the Blashke Islands were inhablt.l sut ilsco abarndoned by a family of three cn-
gaged in fishing and occupying & caoin cnd boat-iouse in Blashke Harbor, The
islends have been ocoupied sporadically by an occasional fisherman, trapper or
mink farmer in the past., Both Blashke Earbor and Bivouac Bay are excelleant small
boat anchorages, but the approschos are iniricate and tricky, though negotiable
by boats up to sixty or seventy lect in leazth and at least ten feet in draft,
Spud Bay and Trap Bay have bcii. uz.d at times for beaching and wiﬁter storage of
floating salmon treps, ond o few tT.mber: =ove Deca cut fr&h the northern shores
of the islands, (therwise the isleads ere in = complete stats of nature,

A feature of considerable importarce to the geologist as wall as the boatman

is the very great rise and {all of the tides, ranzing from twelve to more than

~
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Pericotite Comple:iez in Southeastern Alaska

There ars at leasct 8 well-defineé peridotite complexes in southeastern
Mlasks (nos. 11 to 18 iﬁcl., fig. 2, p. 12). .These masses differ widely in size,
though none are large, and also differ in petrology and structure. Eowever, cer-
“ein features are common to all of them, chiefly tkat thoy all are composeu of,
or contaln within their cores, exiremely vasic rocis conews~~ng larpely of olivine
or clivine and uyroxens, An excephticn is the body at the head of Rasaan.Bay at
the 3elt Chuck lécdlity (no. 18, fig. 2,.9. 12Y. This body exposes only pyroxenite
end mafic gzabbro and is somewhet coutituliy included amons, the others. |

Structurally there appcer to Te some sicnificant differences txng will bo
teken up in more deteil in a later ’ECleM. Briefly, the Zlashke Islands cémplex,
(fig. 2, area 15) apbears %o be a nearly cvlindrical mass with roughly vertical
walls, somewhat irrepsular in detail. The surroumding bedded rocks are crudoly
conformablo to the conbacts of the complex, but there is evidence for structural
disturbance during the emplacement of the complex, On the other hand the peridotite
rass at led Bluff Bey (fige 2, aree 11) is deocrlbaa by Guild and Pulsley (1942, |

177) as having a. concordart, spoon-shapec lower contaot plung ing in the direc-,
tion of the regional fold axes. The term "pheodblith! may fit this body (Harker, - . -«
1909, p. 78). 1In the sems ares are & numisy of aill-likeksérnentine bodlesi;ﬁﬁt o
cunfnrm closel y to the. regional foliation (Kennedy and Whlton, 1946, Ppe 72-73).

The complex at Khno Peak (fig 2, areo 14) is shuwn by map relationships and
two obsérved contactsfto_be a funnel~shpped body with inward dipping omtacts that
are probab1§ sfeep (46°%-or morej; The Surrounding bedded rocks ere probably more
or less confornabla. .The masd\at ¥ount Burnett (fig. 2, area 16) was described
by Iennedy and wulton (1946, p. 81) as a composite stook but a furthor rccon-

~

naicsance of the ares during the present 1nvest1yau10n sug gestad the definite pos—

e o e o s ————— T S
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2ihility that thic s a tilted, tabular mags. The area requires further study.
lLittle or no ctructural data is available on the other ultrabasic complexes in
southeactern Alesks. o .

The interﬁal structurel QlemeﬁtS'of these several masses also display differ-
cnces. The Llastke Island comp;e; hag a,dlstinot, though not perfect, concentric
'arrangenent with an inner core of dunite and‘a composite outer ring of peridétits,
pyruoxenite, and rabbro, The masc at RedABquf Eéy chows an.irregular beanding and
inter-lensing of duniée end pyroxehe-rich rocks described by Guild and 3alsley
(1842, p. 177) as flow layering. However, pyroxene-rich rock shows some tendency
to be concentrated near the base end onh the margins, that is, pe?ipherall&, and
the banding is penerally steeé and oriented witﬂ the lonr exis of the mass. The
irternal relationsﬁips of the ocomplex at Kone Peek aro more irrogular and varied
- than a%t the Blashko Islands or at Red ﬁluff Bay, but vlivine-rich rooks are also
connentrated in the core of the mass. As mentioned ebove, the possibility exists
that the mass at Houﬁf Burnett is a tilted, tabular mass with Q core of dunite.
Adcording to Koschmann (1936, pé. 268-274),‘the Duke Island and Annette i;lend
" bodies are larrely hornblendite, but contain within them masses of harzburgite
and’aﬁgitite; -

Tho largest of these ultrabaecic masses is probably the ocomplex on Duke
'Island extending in e belt about 10 miles long across the island with an outcrop
aresa of about 20 square miles. The mass on Cleveland Feninsule is about seven
miles in greatest expused length with an area of about 14 square miles. The
Blachke Island domplex is almost circular and about two miles in diameter with
an area of about 3.5 square miles. The Yane “eak Complex is partly covered by
tho waters of Frederick Sound, but ithe major pert of it is expoused with an area
of about 2 square milés, and the mare at Red Bluff Bay 1z ebout tho seme sizeo .
The other todios mre smaller and less is known abouy them. |

The repion in which these ultrabasic bodies occur is ono of compleox mouniain

stmaqture., FEKocks of Ordovician or older to Crotaceous are have been tilted,
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e ' iy invaded by the Coast Range batholith and many lesser intru-

s .
.

; 51918, urd reqiencll; retemorphosed in en extensive belt alons the western marrin

I' 2" ‘he Lotholith. £Ls stated by Ruddinrcton (Buddingion and Chapin,'1929, pps 10-37)
uvnly the broeder fcatures of the rezion are lknovm, but it is cleaf that though
there heve been earlier.ofogenic episodes, the Jurassic-Cretecenus orugeny with
which the Comst Range batholith is correlated is tke major period of deformation
end de .p-ceated eruptiv; activity.

Lecording to Buddington (Euddington aﬁd Chapin, 1929, pp.10-37) the ultre-
basic complexes are emplaced within'rocks renging in age from Ordoviaién or older
to Crotaceous. The ultrabacic bodies at Duke and Annette Islandg and on Cleveland
renirsula (fig. 2, areas 17 and 16) ere emplaced in rocks of.tha-ﬁranaell-
ftevillarimedo motamorphic_group of indefinite are. The Blashke Island complex
is ecmplaced in rocks of Ordovicjam and Silurian age. The Ked Bluff Bay body is
in rocks regarded by Guild end Balesley(1942, p. 177) as Upper Triassic. The ilane
Peak complex is in contact with rocks doubtfully correlated by Buddingtbn with the

I'\ Cretaceous but possibly Upper Jurassic.. The peridotite masses on Tracy Arm-and
Ford's Terror (fig. 2, areas 13 end 12)‘§re within the Coast Pange batholith and-
described by Buddinrton (Buddinzton and Chapin, 1522, pp. 10=37) as beinp cut by
cranitio dikes, showring that they antedate at least part of the grenitie intrusive
ectivity. _ | ‘

An upper limit of geolopic age can be established for the Mount Rurnett
conplex on clsvéland Peninsula. The complex is older than a conglomerste containe-
inz plant remains and boulders of ultrabesic rock correlated with the Port Camden
basal Eocene by Buddington (Buddinmton.;nd Chapin; 1929, po. 10-37),. This‘cuno
rlonerate is exposed 1§ing‘on an erosion surfece of pyrbxenite end horcblendite

of the comple: as well as slate and.phyllité of the onclosing rocks. The complex

is thorefore pre-Cocenes.

The Blashke Island complex is cut by & basalt dike corrclated dy the present




line with avallable field evidence and accoptabla to the’ wnrkars 1n this region -

. ﬂ‘ . /g

author #ith tho Tertiary basalts described by Buddingﬁcn (tuidington and Chapin,

1020, pp. 271-273). T

+

The youncest rocks known to be 1nvadad'by'ons of these complexes are tho

Upper Jurasaic or "retaooous slates and graywnckas on Kupreanof Island invaded

. by the Rane Peak complexe. Pra—Eocene age‘is indioated by the overlying Eocene

4

« conglomerate -on r‘lmre:l;anrl aninsula.‘ Tho ultrabasio rocks are thorefora late

Juragsgic or Cretaceous in aga, dependihg on.the true ‘age of “the vnunﬂest sedimants

* thet they cut, and are corrolntad'with 4he’ major orogenic episade of the roglon.
Budéington's. (Luddinﬂton and Chapin, 1929, P, '242) conclusion basod on all
+he evidence available to him 18 that the ultrabasio rocks of southeastern Aleska

are older than the more. siliooous-alkalic types of this petro~enic prnvlnce..

,s’.‘“,

This evidence consists 1n part of observed field relationsh1ps in which the ultre-
basic rocks are seen to be 1ntruded by more ailioenua-alkalio rocks, and in part
on genaral petrogenetic consideratiuns. All of the canadian writers, to whom
later referenoe will. he made, are in agreement that the field relationships shmw

.ths ultrabasic rocks vf Brxtish Columbla and the Yulkon Territory to be older than

1 L]

the more, s;liceous rocks belonginr %o the sems poriod of intrusion, The only

field relatlons obserqu"iqitho course of the present investigation bearing on

" this problem are in fn@ ¥ane Peak area Where a dioritic body is in contact with

. the ultrabasic complei. Both rocLs shvw mineraloﬁic and:. textural alteration noar

.the contaot, and the ev:dence is somcwhat amoiwuuus, tut on the whole sugre~ts‘

thet the ultrabaeic.rock‘wna invaded by the dloritio rock. Swmewhat more cnnclu-
51ve cvidence is afforded by the pregence of granodinrite ana'minetto dikes in a
fhult zona that cuts tho suuth side of the ultrabasic complex, becauso both ‘the .

fault and tho dikas are clearlv later than the cumnlex, and tho dikes are pro-

-j-sumably rolated to the diorite-rranite sequence of 1ntrucions. It-soems to bo’ in_v

,5
) .

to consider the ultrabasic rocks with whioh this repnrt deals’ to belong to the" ‘4 N

.f .

-Jura aic-Crataceous period nf intrusivt act;vity, and o bo the nldast plutonic
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rocks of ihe Jrressie-frotececus petro-snetic cycle.
Tho 3lashke Islend Complex
Introduction -

Tho reneral geolorie relationships éxposed on the Blashke Islands are

.

shovn on the redlorio map (plate 1). The oumplex consists of a nearly ctreular

v

ma3s of peridotitie roeks surrounded by an irreguler rim of rabbro. The overall
diamcter of the complex is from 10,600 to 12,000 feet with an area of about 5.6
square nmiles. The center of the peridotite mass is dunite, a rock compnsed
prirarily of olivine and serpentire derived from the altcretion of ollvine. The
core 1s crudely circular with many 1rrecu}arities in detail and from 6,000 feet
to 9,000 feet in diameter. Surrounding ‘this core of dupite is a rim of pyroxenc=
rich peridotite co: isting principally of aupite, Sut almost everywnere ocontein-
ing appreciablg amounts of oliviﬁe. This rock is termed olivine augitite.in this
report, Neer the contacts botwﬁan'dunite and olivine eugitite the dunito common-
ly contains sparée‘to abundanﬁ 1ﬁterntitia1 augite and passes gradebionally iate
wehrlite..'Within the'pyréxenitic rim there are bands and irreqular streaks of
rocv in which olivine is as abundant as or in excess of pyroxene and the rock

may alsn bo classod as wehrlite., The pyroxenite rim has a meximum width of about

14500 feot on the east ciie of the complex and is Sumewhat-irregular end only a

Fevr hundred feet>wide on ‘the west side of the complex. Twu short, thiok, lenticu-

1ar dikes of pyroxenita were Tound outiing “hin bodded hornfels several hunired

feot from +he main mass of the compl ex.

The concontric struoture of the ult‘abaslc comp>lex i' further oxpreased
)

by a ring of gabbro outside the pyroxenitic ring. This gabbro ring ls highly .

irrefular in width, texture, internal sirucbure and comrosition. Unlike the

pyroxenite Fing, which everywiere surrounds thc dunito, it 4s absent in plaoces,

and the peridotitic rocks are in conteot with the cnu-tfy rocks, Theo ;abbro
: 3
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rihg iz widost %2 nutorop at the northeastern edge of the complex vwhere prso-
tieally continuous exposures of gabbro have a maximun width of about 1,400 feot.
.Th; rabbro rigp is reletively wide and continuous along'tho oastsrn edre of the
somplox, and although part of the complex is beneata the sew along the sonthern
marsin, outcrops of gabbro in the southeasternmost large island apd in a ocouple
of reefs exnosed ol extreme low tide indioute.that gaboro 1s proegent and may
oxtend moro or less ooniinuously around the southern boﬁndary of the ultravasie
roelise

There is rood evidence in the-form of inteﬁse shoar zones for strong fault-
ing glang the soutivrestern édge of the complex, and this feulting has probably
cut out any ecabbro that may haye.been present as weil as e godd part'nf the nytrox-
unitic ring of the complex, as far north as the small bay at the elbow of the
chennol into P2ivouac 3Bays However, the exposures of rabbro from the channel into
divouac Bay northwardi have a different aspect than the broad, welledevelopod rabbro
band along the oastgrn margin of the complex. It is impuséible to say how much
gabbro 1s concoaled béneath the waters of Bivohao Bay; but such expusures as are
. presont consist of irregulaf‘dike-like massos witﬁ manyAinclusions and brecociated
masses of hornfelsed country ruck irregularly veined by rabbro apophyses from a
fow feot to f?aqtion of an inch in width, A§ one point, the ﬁesternmost oXposure
of ultrabasic rock, a somewhat peculiar facies of the.peridotite con;isbing of e
faldspathic wehrlite, is iﬁ sharp oontgct with hornfelaed conglomorate with no in-
tervening gzsbbro. |

The pabbro is sporadicelly developed alonp the n;rraw(channels eround the
northern rim of the complex, but here also it may be pertly cut out by faulting.

, : . .

However at two points an oiivine asuritite containing bands approaching gabbro in
composition by the admixture of coarso anorthite is in direct contaet with ho&n-
felsed ocountry rock. |

Tn addition to the gabbro immediately contijuous to the complex there are

sevoral outlying masses and thick dikes of rabbro, particularly near the ensrance
. » . -




end at the northern end of Blashke Harbor and along the norther; shore of the
southessternmost island. One mass of gabbro is found within the olivine augitite
) bqnd near the southeastern rim of the ocomplex, This mass of gabbro is in syarp
contact with the ollivine augitite on its south side, but the contaot, where visibio,
on the north and east side of éhc mass is a low angle fault dipping 25° westward.
In spite of the low angle of this fault it seems more likely that it is a normal
fault bringing the gabbro down from the east rather than up from the west.

- In contrast with the olivina’augltite ring surrounding the duﬁiée core of’
the camplex, which is virtually complete in that nowhere can dunite be found in
oontact with anyth;ng but olivine augitite, the geabbro ring ié irregular, and fn
at least three places it 1is ﬂbsent with a somewhat aberrant facies of the perido=-
tite in contact'with altered country rocks. However, the asyﬁnstry of the gabdro
ring is matohed by a cert;in degree of asymmetry in the olivine mugitite ring of
the complex whiohlin wider and more uniform along ths eastern side of the ;omplex,
. while the western side is narrow and contains streaks and bands of wehrlite. Struoc-
tursl data indicate that the contaocts between the major rosk units of the ocomplex
are irregular both in plan and in vertical extension but tend to dip steeply out-
ward with many irregularitles and reversals, although the downward extension of
‘the oomplex at the level at which it is exposed appears to be effectively steep,
Just as the outorop of the complex and its major elements is effectively ocirocular
despite many irregularities. If the strong north to northwest trending faults
that out the ocomplex have had much vertical diéplaoemént along them, the eastern
side of the complex may be structurally some distance above or below the wasfern
‘ side, and the differences in petrologio relationships between the eastern and
western sides may be because different lévals are exposed. _ | |

The ocomplex of basic #ﬁd ultrabesic roocks 1s emplaced within a vuried's;-

quence of stratified rocks that have undergone low grade regional metamorphism
to chloritie and'amphibolitic greenstones, VWithin a few hundred feet of the ultra-

basic mass these roocks are strongly hornfelsed to biotite~hypersthene-plagioclase-

»
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augite granulites same of which contain an iron-rich olivine,

Fo stratigraphic work has been done in this area in sufficient detail to
pormit setisfactory correlations to be made, but three distinoct lithologio types
of bedded rocks were recogni:od and mappeﬁ by the suthor. The first consists of
strongly indurated,.fine-grained rooks ranging from leminated end thin-bedded to
maasive. Thess rocks are low grade metamorphioc equivelents of mudstones, ?halee,
cherts, and voloaniés. They are characterized by abundant chlorite but lack folia-
tion or strong slaty oleavage. The second consists of similarly metamorphosed coars

oonglomaraﬁo of varied lithology including much voloanic material with interbedded

laminated fine-grained rocks end a few bands of covarse white marble. The third

consists of practiocally unmetamorphosed, thin-bedded to shaly, dove-gray to white
limestone outcropping in a few areas at the north end of tﬁs islands and apparently
overlying the other rocks unconformably. No recognizable fossils were found in
these rooks and they have been mapped on the basis of 1ithology alone, mainly for
the purpose of revealing the structural displacements related to the oémplex.

" Buddington (Buddington and Chapin, 1929, pp. 10-57, pl. 1) has indicated on

the Geologic Map of a Portion of Southeastern Aleska, which is on e sqalo'of
1:500,000 and thus highly generalized, that the thin-ﬁedded to massive hornfelses
outcropping around the northwestern rim of the Blashke Island complex are ocorreleted

by him with lower and middle Ordovician rocks that outorop about 4 miles to the

: west on Thorne Island. These rooks are said to consist predominantly of indurated

- graywacke containing graptulites, The predominantly cunglomeratio rooks are mapped

by Buddington (Buddington end Chapin, 1929, pp. 74~75) as Silurian, belonging to |
the next to the lowest Silurian unit recognized by him, and desecribved as consisting

of andesitic volcanics and conglomerate, some associated graywacke, black slate,

- 1imeatone, and tuff (Buddington and Chapin, 1928, pp. 82-83). The thin-bedded and

shaly limestones at the northern end of the iglands evidently belong to the Silurian

limsstones of the next overlying Silurian formation whioh Buddingbon has mapped on
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severnl of the sméll islands = nile or more to the north (Buddington and Caapin,
1520, poe ©5=-24Y,

Sa fey o2 the preosent work is concerned the rocks of sedimentary oricin

viers mapped on the tacic of 1litholony, thore Yeing no basis for establishing a
timo~streti;rephic division within the erea itself, but the mainly fine-greined,
thin-bodded to massive rocks that are in contact with the ultrabasic mass except

on the easteramost islands are proovably correlated with the Ordovieian, and the
meinly eonslomeratie rocks probably belong to the Silurian.

within the surrounding rocks of volcanic and sedimentary origin thore are
innumerable dikes, reaginp from abbro and basalt to diorite and andesits, thetl
may fnssibly ve related to the ultrabasic intrusion.

The petrology of tho Blashke Island complex will be described in detail in
the following pages. The peridotites, gebbros, pabbroic hornfelses, and closely
related rocks will be taken up first beginning with a brief descriptioP ol the
nrincipal rook typeé end their characteéistic relationships, foilowed by a dotailed
deacriptinn of the principael mineral phases and their veriations in composition
and poirologic relationships thruughout the complex, and concluded by a detailed
discussion of the petrology with micrometric data on the médes and importent voari-
ants of the principal rock.types. Finally the scountry rocks including dikas not

related to the ultrebasic complex will be describod,
The Peridotitic Rocks

The peridotites of the Blashlm Island complex, considered from a Brnnd‘>

point of view, consist of two principel rook types: a core of rock composed yri-

Fa

merily of olivine in which augite enters locally as a marminal phase, and o rim

of aurite rock containing varying anounts of olivine, the aurnito béinr nonr diope-

ta

ide in compousition. From a purely statisticecl standpoint there is no hard and

fast boundary bebtween rocks consisting almost entirely of ovlivine eand roeck in

which ausite is the major constituent. All pradations may be found from dunito

&




enﬁlre1y free of pywscene to pyrozsnite thet is virtually free of olivine. 1In
ih;.fig}d, howeyer, the cénisects between thesse major rock types are not commnniy
.Smuothly gragational. Aurite appears in the olivine rock as a subordinate, intor-
stitial phase ncar the contacts with the pyroxonitic rockse It‘tends to increase
in abundance as the contacts are approached, but the contacts with pyroxenitic
rocks are either sharp or abruptly gradationsl witnin a few feet or inches in most

places.

Cradational relationship between rock types 1s the dilemma of nomenclature
and claseific;tion. In the case of the ﬁeridotitos the term dunite is well estab-
" lished for rocks corsisting essentially of olivine and the terms, pyroxenite,
auritite, diallagite, etc., and used for rocks consisilng priﬁarily of a pvroxene.
Common usage permits the term dunite to encompass rocks -containing a small per=
centare of eccessories, of which chromite, ilmenite, mapgnetite, picotite, spinel,
and pyroxene are the most common. This implies thgt small amnunts of these mine-
erals do not have genetic significance. In the Blashke Islands it is probably
true that the oro minerals are.ut least of minor genetio s;gnificance, but it will
be shown that the appeafance of augite in minor amounts is indicative of a rise
. in the fayaiite content of tho olivine above & minimum value. Thué, strictly
speaking, any amount of pyroxene, however small, is sipnificant from the uenétic
and c}nssificatory standpoint. On the other hand, in the field, it was noted that
rocks cuntaiﬁing less than tén or twelve poroent pyroxene were gencrally closely
associated with dunite as a marpinal facies and in most casesApassed pradationally

nto dunite but were commonly in sharp contact with rocks with e distinotly hi<her
pyroxene content. On the basis of this field tendenév the pracfioe followad in
this report will boe to use the name dunite to apply only tn ulivxno ro s . virtu-

ally free of pvruxeno, but usuallj ountainmng accessory ores. Dicks oontaining

1es° than 12.) percent au~ite and othar accessories will be termed suﬂita-ﬁunihc,‘

The name wehrlite (Rosanbusoh 1887, p. 267) will be applied in this renort
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to resis canpoged Prim&ril& of olivine end aupite and tneir alteration producte
with minor aceesssrios, mainly chromite aﬂd macnetite, in waich olivine is im
exenss of an~ite. Tiere arain field relations afford sume uerree of 3Jusiiflication
for ﬁhls erbitrary and artificial division by rock.names. In the fi014 onlv a
few instancec were found vhere rocks containing more pyroxene than olivine ssemed
to bo relstod by eradation nmors cloaely to dunite than pyroxonite.

A numuer of names have been anzlied to rqcks in which a clinopyroxene is
tas principal nineral, but noune seem 1o be strictly'applipubla to thé au~ito-rich
rock of tho Blrshlre Ieleandse. These rocks consist of augite, olivine, and acces-
cory ores, Hornhlende is preseat in many specimens, but bypically as an altera-
tion product of pyroxene and not as 2 primary mineral. 0livine may be oresen’
only by proxy in the form of serpentine psoudomorphs. Horover, the practice
adopted in this rs»ort has been to conzider hornblende and serpeatine as repro-
senting th; primery minerals from which they were derived for the purpusc of
classil'ying the ruck.

Tho name weihrlite is frequeniiy emplored for any clinopyroxene-olivine ioclk
whether the pvro.sens exceerds the olivine or not, However, in the Rlashke Tsland
oomplex there is definite need for a name buth for rocks in whicﬁ oli§ino is in

oxcess of pyroxens and vice vuersa. The name montrenlito wac rivon by sdams (1013,

op. 38=29) to a rosk consisting of clinopyroxene, hornblonde, and olivine im ordor

of abundance vith or withnout minor amounts of plajioclese, orthoclace, and nephe-

linc., Bancroft and loward (1923, o. 19) doscribed this rock as wehrlite but re-

- . .

poried essentinl quantities of hernblende. Johannsen (21933, pp.230-15Z) has ad-

voonbod using montrealite for rocks containing clinopyroxene and hornblenic with

.

less olivine, but has sugrestcd no name for a similar rock in which no ~rinery J

hornblende is present, Turthermore the oripinal montrealite is a fucles vl an
essaxite boldy low in salic constituents, but which ray conteln minor amounts of

.

both nephelino and orthoclase in addition to plagioclese. " The only Iihit-solored




ctbhe nand will te further redificd to sehrliitic olivine aurititc.

v ihe prosence of & eclele

- ~oe
] L)

constituent of 4he . - Island rock is a very srall smount of sparsely and
Sporalically Yiiauiiinaie? caleie plarioclase ua $9 Angg in compocitions This
conuennt Inordror conctituents reflects a fndweentel renotic differonce thob i

rtorld not ove overlonted in clessification.

“ne names pyroxcrite, rugititey ote. are comesinen employed lonznely to
include roel:s with quite éubctantial gmounis of olivine on the one hand or of calie
cons iluenls, mice and heratlende on tho other. Ac Shend (1v47, pp. 116-121) Las
reinted ouy Uhis practice overlooks the significance of saturaticn or undersaturn-
Pien wilh silice end recults in the lumping torether of rocks with diverse orimins,
In wrier to evold enbiguity end at the same time avoid coinine cnother rock name,
the nare olivioe auritite vlll le cupl.yed to desipreve all rncks in whick augite

tho prircipel constituent,acscorpenicd My wivine and accessories. here iae

reelr contalns nere thon 28 percent clivine, as il docs in only & few instancaes,

v

.
:
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in addition to the major roeir tvges of the peridatitic part  of the som-

niex, wiich belons to tis duniteewelrlite-:usitite sequence, there rre o number

N

¢ minor vocic Sypes thot are closely « soc~u+uu with Shese rajor units, appearirn
in them ns dikes, veians, or irrervlor resses. -ost ol thete rocks ore cuarnc c*lucu

plagioclase, primsr; btornblende, or both, and by eriitic

.
e

or pormetilice tooturos,.
Dunite, Aumite dunite. and “shrlite - :

‘ho dunitie ol the “lesnice Tslende is ohoracteristicslly deop blulsherrson

ou fresply brolen surinces, but the cuolor runpes srom fiat, cooty hlack to dirty

<

vellowicherruen, MNepiwscondieelly the =Zexture aupcurs fine--reined, slmest s:hanitic .

Letualiy the rosis is coarse rreined and tho arbanitic epperracce ir dve 1o gorpcn-
’
Linjizetion. In =ddéition Lo olivine nad Uur*op,;nv, well-Iurred, emnll, binek

.

veteredrons of chrorcite can be identiiied in the hend specimens. The rock mny chow

Dl

¢ Alatinet nlcty sirueture duc te the sabenarellel olignnent of ~losely spaced . .

Ly
-
- ;

] . N
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serpentine velnivtc, . .

rucits dunite and wehrlite resemble dunite in texturs but the color on
fresh surleces is ;vpically sooTy black rather than bluish«greer. Cleavnnc féco:
end bosile-rreen grains of augite oun be identified, Both olivine and serpentire
charrcteristically weather a smooth, &ellowish to reddish buff resembling chamois
or suede leather, This so-celled ochamois surface is a fairly relisble indication
in the field u; tho presence and abundaaco of olivine and serpentine. The cloar
groen pyroiene is viriually unchenged in coinr by weathering and stands out clieorly
agninst the buff, chamois curfece of olivine end ‘serpentine, usually in moderate
relief, On the other hand, on fresh curfeces it may‘be difficult to Gétcct small
poreontages of olivine in pyroxenite or of pyroxene in dunite. Woathering in
e¢ffact provides a fairly sensitive and relistle qualitative chemical test of the
presence of these minerals in associaéion with each néher.

Tn thin section the rock is cteon to concist of a granular agrrerate of nre
or loss equant, anhedral olivine pgrains from a few 1illimeters to more .then a
contimeter in cross section, averaging 20 to 40 srains per square centimeter,
*here olivine is unaccoumpanied by pyroxene the grdiﬁs form e closely pecked mezeic
with fow grains showing any trace of crystal form, but with simple, unsu&ured'
Béundafies betweon grains., The toxture is simple allotriomorphie granulef. ﬁhore
pyroxene if present in small amounts it is interstitiel, with oliv;ﬁe displaying
' rounded, somevhat imperfect crystal férms egainst anhedral aurite, Adjacent in-
torstitiel areas of pyroxene may have the srme crystgllographic orientafion'indicat-
ing en incipient polkilitiec texture which is realiced whore pvroxene ig abundant.
Poilzilitic pyroxene encluﬁing olivine fﬁ random orientation is shown in photo= -
micrngfapﬁs A end B, plate 16, Ciinopyroxene is clearly‘a late intercéitial pheso
"in these rocliss Althourh the rrain size of the olivine is typinaily conrge, eoch

grain is without exception iransccted by a network of curving'fracturec filled

with serpentine, which divide each grain of olivine intov numerous angular to sub-

anrular shards, few 85 much &5 2mn in cross section,
N ]




Seynen e . prunent in all specimens ol dunite, aurite dunite, and wehr-
live fron the Tlashie Islands in the form of fracture fillings in creokled olivine
ard along erain bounderies. It is also present in many specimons ac complote
peeudomorphs efter olivine, and to a lesser extent e&s thin fracture-fillings in
pyroxens. IR most specimens of dunite as well as aurite dunite and ﬁehrlite the
spacing of serpentinized fractures is so close that the actual volume of serpen-
tine in the rock is commonly greater than.the volume of unaltered olivine. 1In
surite dunite end wehrlite the olivine tends to be somewhat less serpentinized

than in the pure dunite;

“Modes for dunite, augite dunite, and wehrlite togother.with other date are
given in sections 1, 2, and ¢ of testle 1. Modes for an uncommon type of wehriite
found at the outer contact of the perid@titic pert of the oomplex in sharp contact
with hornfelsed conglomerate arc riven in section €. Tho average values for the
Tmudes ere reocepitulated in columns A, B, D, and J of table 2 and.chemical analyses
are gi§§n. ~All mﬁdes were determined on thin-sections by means of either the
‘leite intogratiﬁé ;tage or the point ocounting method descriﬁeq‘byVChﬁyea (1949,‘

.

pp. 1=11)
Aupitite, Olivine sugitite, and Wehrlitic (livine augitite

Augitite free of olivine it so rave on the Elashke Tslands as to be g
couriosity. Only one thin section sut of more than thirty soections of thiﬁ hroup
of roeks contained no olivine. This rnck'connists of podvlar masses of oure
augite up to several inches in cross section in a mesostasis of normal olivine
aupitite; ﬁéwavor anocher section from the same specimon included prrt of tho
‘ meuustasis containing olivine. The typical olivine augitite is coarse to very

tvarse gruined and dark preen ir color with irrepular sooty bleck ereas roprecent-

ing more or less sorpentinized olivine. The weathered suriace also is deark rroeon

with a rough, pitted texture due to the weathering out of olivine and serpsnutine

‘and %o the coarse rrenular charecter of the rock., Locally thcre mey be a little

25




206

‘ Table | Mioneralogic dara_and Modes for Blashhe Ls/and. /‘OC/?J.
" el Otivine Augite Mode Remarks

AN lho |l Ny R Al Ny |aV|Cal|Mg|Fe | e | N “ |
' : ) Section /. Dunste 3
Vol ol rere {90 s ' EEITZ5 ) Bl B X 4 B B B
tlajc] ez {900 : ' " (ln table | the urits for the ]
D3 |snef /167 190 Lo ' tlues gurn are: !
R R L WA A . A léfllme| - lod] o | = | - " Foand o mo/a“/or/a:faﬂf :

, ~ i
|8 (] 423 |a5|ns LU I EVR IR I A Y 4 Aegrees ;
L | 6 |P5] £673 | 95|es I T P I YA B I I A Mpand & atoruc jercent ‘
: 8 \27) 1673 | P5\.s P 4ids) - - 22 RN Ab and An omkcular pereen? ‘
Pl gl 1623 |815\ps) il Z3lust] - lost - |~ | - En ardl F5 ) ” ” ‘
0|z} rerf|g7 || ' A\ glest) - o] - e | - ' :
i . - . -
i) 264 |0 HH\Filear) - |23 e " Ny + mtermediate rehractue mder

123 /675 |#S\ns " fsefless) ~ | - Jael - |- |- ¢t trace (fis than 005y
. . I PArn SacPren Ot lygey)

L3 JaH\ e - | - N i ust. = very Sheht frace (n»;crn/

3 — . - ’ e fecred bt recorley 117
14|37 e 2 I R P secrn m&:u) )
13120 A P IS e
/6 /873 | X518 Sub Sluse] ~ 143 - 1 ¢ | "

. 1 I | Sectionz. Augite Dunste
17 \3esy a9z |90 |10 380\e581 /.8 02 - -1~ ' )
VAV WA AN . yelled) t “{1721051t || Cust ly .ucoaa’ary verns ¢f a’ﬁuﬂt}nzj‘ !
. . Calerre.,
#z) 7 69¢ |38 |,z f|5élos| |es| - |- |- ‘

20l 1676188 |1 | )093 J¢| 9| 2 |orolert|73| ¢ |aoj2z| - e |- ' L 5
s\l 1622185\ s) r6v2 |Ss|woles| ps)3s| Hau| |13 fse|t | - o - .
AV R YA i A WAL AILAV AU BN VY Py VE oflod] - | -

¥

23|/ «:{73 27 |2 1281 Hr|ers| ¢ o3|dslt |-
2f102) 1678 g5 |13 . Sipst ptlo3|e | ¢ " '
5\ ga08 18y i3 Wllwo\zo| |le|es| -] - '
4 lad W24 wslzsll /680 |se b \Hslesias|\msles] |- |2 ]es) - 9

o |zolesd 2677 \sti S| £/ ¢ Lyv %024 VAR AT

28|23) 1680 1% (Wl [43Y 158 |45 |9 18 Nk/|sglres] oot ] - | -
27 rr sl b fala |25 | B eS| T I Ba\seo| 2o st | 1o (ar Lo




27

Tatle | Continwed (2)

- /ters| o0~ 0//://ng Augite Mode Lemarks
T A W AT W7 P N AN A T
' Sectron 3 Angife dunite aikes

30 (aZh) £E:5 \B2 1S ‘ s\ms| 20| =1 == " | DiAe o/m/ﬂl-da’n‘//_&
1\l 2672 |\0sip.s| fes¥ |zl | s\ 7s Amelggc| e = |41 = | - | - | Tasalar mass m otiine acgitrte
galaa 767% \x7 145 | 1655 : 7 Dike 15 olewine nwugrtsre
32(zn) 1627 \nt \pf | 1686 |25 |4 |4 |10 Vxrlzmslo |05 -lez| - |- "mr; » “ ”
s\l 1880 gl \ | /628 1 s\wsses) 3 Yetlwal s2) - [ - Jar] -~ | » . " P

a5thol o728 k0 ls | 2885 |# Wy |5 | 2 Veerlerz| 25]or|03 jog) - | -

Section 4 Wehrlite

36 |118) 1876 | B Vo | 46AS | S6 N7 145 |20 faafigg pd | = |- fA3)- L Ay §pacimens are from border Yacres
2253, /677 islas) 1684 | ss s\ | 8 Luaslassins| - |- 137] - | - | of dkernte except rtemr S Specmenii
35|20 1678 |7 (13 | /635 \sps|sis| § YaeS|sra|aae| - |~ le3] 2 | -
39 |asell 1878 |87 V2 Vfa5Y |25 (4s | |8 Qrblestlaza| - | - |o3]t | -
fo |/l 1678 |87 115 | /628 e shzaswr\aad| - | - ez - | -
oI opoll /677 (%s)5.5) L6845 |57 \wsisesivo [aa|he| /<8 - | - |13]|0é] -
gz (st /450 1% |\ | f 68 |55 (eS| s 333|388 - |o-z|ed] - | -

. L8/ 4 wt gs| e lzwd 25l 105 09 y (el

¢3 1200 /. Ssis) f e X4 |55 W FEN o35 - | - |07 - |4 P/nqwcﬁue’ AbéAh%f(ﬂ‘lrf/;a&m{ﬁ o
Y o] o8 \oy |16 | 1685 | W o |7 corent)

95 lissa| 1e86 163 V17 | 1656 |45 1S\ ' MFOF/’::’;@-NM facles of ol Aupitste.
. 4 |15 ’ ‘ A3\woslgs) - | - leof- | - ’

3 |5 Zafszolwf| - |- led]- | -
v | fe 2o | 85 |19 | fe2= | ssocs|¥s |95 a1 |se#live] - |t (44 |0/ |oa].

- Section 5 Wehrlte dikes
Aetell 7476 los |12 | /424 |55 [ 95197 |F |lsss|wr|3es]aol t e8] e | - Orhe 10 Ofume auyrtrte
So|/ffY /4677 19525 1486 w5 ' "o '. » ‘\ “
St s 2677 (;mspa st /€47 ' nsUnd\ag(2aflod| - |2/ - | - » .o o
salizf| 2878 |87 |13 | /487 ‘ 115 |arz) 460|292 03] - [26) - | - "~ m “ »
53| 7698 |7 3 L resd |zs s o @ Laadponised - |- |l e Mk 0 - 0
S\ 1478 oo (13 | 168C \233\¥7 Waspe 5| sp|ekalset|of| < |M7] - | - A e < on
S\ 1632 (es | s5 || L 686 o.slnv3sil¥sioz] = laxf - | - s e oo
56 \200)| f63% |5 |15 || 1685 9 _ . . ’ o
57\ sdw|| £889\8¢ |1 || 1.68¢ 355\ 47 Vs slpesfuns|zse|zof 2t - |F7] - | - o dunmite
S loscl /6AC 15 |17 | 1685155 s o5 |75 . © v olwme augrtrte
A rcE0\ag (4 || s eke |55 | S\ HH (5o l4s|208| 0.9\ 51| 3.4 e.st|vat) " b B ”




28

e “allc | Continued (3)
fom e Diiime 4:17/7“0 . H{Y]‘Cﬁ . /‘ZO(Y'Q - ) F?emar/t.r
@ v el My [FelFa] Ny Lo/ [calMg]redblan S [N NI *

Section 6. Olwme augitite, con-

ACY WA R LA N TR " w1281 g5l0a] - (0] - tasining more than
¢t bers | 7880 ag 4 | 2695 | 2o \asises it a5 VsLlaaloy) - 07 /RS % Q/&//ﬂe +x7wn‘m
ez laez| 1480 \gp #1587 |25 eslos s rzlao|wilgo] - |o?] - */m:/ullm m wehrlite, them 34 specimen 2ol
65 |2)) 165~ |45 1’5 | 1686 | B8\ (eSS seletindne] - Lor|oa] Bt
e/ 1zc) re92 |85 |15 | /454 |55 |5\ VoS Lelkslnel = 111" :
VAR WAL AV AV WadA ns sé\nr|nel er| - |aé| -
65 3af) 1684\ 58 16 | /455 |55 |935|#5 | 15 e\ kel zy| - o5 -
& \isp) 6## 8\ 1 Y12 4 0.5 7| &8\7a | 95) - | oF] -
AV /685 ? - -
e ez /2.5 -
AN 5] - 122\ 56 wolzs| - |24] -
- Vo) f65% RSV 1S || 1608 {28 s (s solRs sl 20 - |os |2

N Section 7 Olvme-ruh augntrie dihes
72176 | 1485 |GS\kS] 1654 ) s 09172124 20| - |05} - cautting norma! Hume nupty
73 |/52) 1685 |B5\65Y 1087 |s3s|¥ | o5 |/ 3wtz - -1- - .
24 7R 1687 95| /75) /627 |ss |ycs|3isi/e 295\4.5\avle7| - |08] -
ox W) 165618317 L 1887 | |sesimsir r22|/50\kv|e.9| - los] -

. : . | 56:‘(‘_10!78; Olvme augitite, con-
2 \137) r.688 | 82|18 || 1688 ns . ‘ tarnim Jess Than 125%
77 |192) 7698 1gi |8 | 1688 |sss| s\ |ns 4702080000 | - |03] - ~olhuine # Serpentine.
78 | 1o} 169/ |81 (19 | 1.686 |s45|¥S WesYos se|édipriest - | - | °

AV AVAZZAL A A W2 hs$ 23|A71{65¢{ 64| - | = | - _

RLARZ /633180120 | 1485 |scs|¥s \ww (10 29 127 |osifa) - |or ] . frrsks) o
8 \ars) /.69 \12532.5]| /628 |55 wss\wsy3 |i<io|aol 25|08 185 413507 ] - %:2,. altered $ hucarepe.
Bz |z25] /703175 |25 | £.69# A . .
83|z 1 20S\2 |26 | /602 |55 |ugs|st |ucs|[ <o) 22| £/ | 75|007 |38 0| ¢ "‘7‘5”,:'"” o
8¢ |21 /686 |55 \esloy s | | ed|pols2sloz| - | - |- i
25\~ /688 /2.5

2614y ) /6245105 /688 |55 (45519513 [<0|>F0] 53{4¢ (827|548 23|03 s

JSecton 9 Wohri, 15 art
R ale and Z:Z trte {/), k’ s “:ﬁ"fm; Y.

£7\25) 1677 | 1o b’" 1687 A5 | @ || 15|#20| 503 08| ¢ |od )t (l)f}ﬁlm/}u reap nno’;ln/':’}}. Uﬁow

‘ ' - ||@) Flagroc/ase rear amer.
A8 é2) 1625 |Gis\hs| 688 | 5# \ms|y3 L/as]| " | 1) 228\306| ) 45 /Lﬂ“. @Lawpely afbered 1o ucsens end mehhloed
82 |5/l 2658 \r2 \f | /68% |ss|#s|er| £] - il dusslre| - |22] - [P e ifores
70 1634 189 /6 || /.686 |s95|99.5|¥5 |r0.5] 22|593|36.214.3 [ ¢-2]3.7]vs¢




29

Tatle [ Contihued (#)
wrlacerd 2 me Auote apoctre] __Modle Hemarhs
P‘ e

1

| ay Tralta| My Jev|cal g2 ) Abn] ™ Pl [l [ *

Sectron /0. Olwme-rich - augritte|

W97 168z (Mcims)| 7689 | ssles 97| £ 235) 63|¢33) 53] - |46 - L at contacts wrth
Talrzz] 2672 (39 Yt | 4672 |54 \ms|3250/8 Weio |DToy 1) 30 Blo 42l 2. |07 | - htw’ Cam,z,.y pockS.
95 |364] 2699 |3 |22] /600 |55 |@es|w | mslciolaofsro| gl @oal 1] ¢ |41 ). .
silAs) 7675 |79 121 ] 1487 |55 |ars|ws|i3 Yaolaol =) 3imtl 35| e |41 ] - _

. (P,ﬁfechon 1] Miseellaresus pervtotste
5 o) 1679 Wwslas| ree# |ss|451471 &8 2oldtalfofl - | - lagp] - aiwl'fe :
96 355 /673 595\ 5|38\ /7 - A0\ L - |- | - |t Carbonate, Aaflfn‘e dike 1 alinrte
97 373 /‘82' (4 ' . @”9 ’ ” ” o -~
98\67) 1470 (85|85} 1687 nsl é 1% ﬁ—/l_ydﬂlc wehrlite dife 1n auprc durrte.

" nf(c;%‘/oh (2. Gabkrore pegmatite

97 (%25 1690 (8 |17 | 1488 rsf 7193 ' @u}%"/"/ 1rregular- mass 1 olunne auptife
so0 <M 1698 V5] 1687 nsy ¢ ‘f‘ '”3 "t “w n "
- My ’
s0l|3338 703 72 |25 ) 4693 . 77 7193 . Dike 1 olime /m;n‘/?‘e
zalAy 1897 |8 Lo || 1489 Al ¢ ls# -
9%
2 ;a- ?‘;ie ’\i *
‘ ' o | SESHOn 45, At -gornet e mt
e Lzl il s, Z16 - | - |- (28 im8l Ardendite garpet (0 Chlarite
| hdms;"‘f’l"’ /¥ Olwme Beerbrbite dikes
r0¥|233) 1697 |78 |32 || 1690 sl ¢ |94 bovelagolovlass| o8] - | - .

“ ol  leny
ws\rzel 1697 197 |25 | 1490 |aslus (o |K5| ¢ |of §ze#l35e)aig ners e g'ﬁ ’{nc/e/a offeretnn prrdocts of phowclase
i1

10é\367| /760 Pes|zzdl /673 (o3 |0# 10 | | 9197 YHal3e3lakys)dl |- | -

1]

/67157 L6795 szs\4¥ |37 |17 9.6| 35420028347 | 1] - m’f‘éﬁ&ﬁi"ﬁ:ﬁ'ﬁ%’}xﬂf@;ﬂ;&?ﬁ&
/0814v.} /678 |77 |22] /65253 7 193 lars|3348\208)2.5 | 1o - o
Section /5 Beerbachite free of olhume,
/0| zt3 /693 | 29 | - (1o )asalear]| 22| - | - '
#o)zes] 7697 20|28 g
"\t 14688 isll y# |86 || - laos|55i a2r) 12} - |os *Hzfu:fbcnc
iz | 79 : ‘ . ' /6|84 | - | 071829 /50] 09| 0.6 0¥ ‘Z,;Zfifhm ) j K
N3yl /.61/ 55|l 74 |84 ’
/14]z67]. [&I2 |5 w5 |30 |s6 || 25]75
LRV TR 4672 |5¥ \4s|38 e /5|25 - V6 |saelzaz] 31 {oz]o-2
ol .Sgcfvl/h /6. Miscellaneoas
/61278 1638 |B2s|o¥s|vayas . ) 0«// g 5/,45 1 ecuntry pock
1726/ , 75 (a5 | = |22 | - [79|a% | o fach| QuarS 75 Agetrte anct phene, Die m auyhe

- &




3o

¢ r
* r
. - \g7i{st|9e) 41599t/ ih52) - fro) - Y\ %/|
W - . y y y Y VAT« - % - %,
. | s @) sz[/7]52] gs bos| v/4ee| ~|s0 % % . " #l|5E
- 1 1 1777 77
) y o/ |47 rel| 171468 2] - & ", rorpe
Ol 49T O ’
e 7% \\L&CI\S&\» S&\.\ , mw- \N\ oo/ \€€s
0 102U eigond Yo £9I8) Q2 Yorfaes ,
2 L7 T R R e R e TR P I G B ss| 149/ ayfel
g 1viyisse! posy pgrwyred i
v Vst 298] PG SU&i W9 \\% 2y Yy wrwwgy) MN g .w\\b ) #ro/| 1€ | -
_ 7| € AS #b |ogs
hﬂi&wﬂn&i«%&s\ szlgs| | - | - as| - ks 3 |oe] - L 4 |\ stlsonlsun|as| 049/ s Jét/
saged wywn | ox|sslpo| - | - P8R ol g/ - 144 ] - Vg ¢/ E#IS8| o) 28] 1427 s/ &/
M , - |ss| 2| | - |o4| - (KTl - Is| - | 48| T oplsuslas| L6597 . or/|ce
: : . - o1 - - ~loo/] - I5% |55 Usw/ls. p #/
: , Ehlso v21 I V744 B P2V yAvZ IS K| p| 25| 497/ Si2ts
049929 4/ wor4aog !
1015 - | - | -lgyzl/ o ¥|zolscsSo .ag m&\ stlsorlswhl AS| o497 Pitlsoc] £1¢/ | nflse/
ppYri/ e\ (/) - - | - T/ - rézlsolseslsolse | 27 S/ isinnles| vs97 #0E |at/
. . -lsEl - | - | - s - [vEs| 3 |sLyow| €8] LIt enles| 1497 PER|s o] €181 YA€ 1xs
o _ ) , ~. spvyvy lyoleol | - | - 192A€0 sm] - |7kc|To &.&w\\\ Al €L L) 25| 0497/ 80€ |xes
ST pynied AT Ciggld sag) g/ wor42a¢
, 172l -1 -1 ls#| - VsAvolestlos Tys| s [ anes] os27 s2| 5] cocs {oy[w
| (s0¢% 0 dd) SEL - -] CFE - ' roes|Ev | of | ox #5 prz|/
| Gortin e ) o (4 Bl I Il 22 R (44 VA4 272 12 % K7 WAl BV AW R K WA B RA BT 1AL
I o auenszeop| o LA Il I I O 2 L2 P L B 2 a2 W2 o 2 R L
w PV E Y 9.&%@\“ ve\&\o N\ QQ\*QNWI
g e Lw.\..ﬂumm.ﬂ ww..w\:ﬁéfe% ,M.,W:M. wﬂén * | [, /vf?,ﬂﬁ 2 KK EIZEE R EIEIR 2N o
i “ ) Wx oy 213, wiby . BTl WiryO .iuw. cL_

(50 (Fnutee)) j y92

PN a L

LTSN

e
A T3




3/

I 1 1 1 | S | i P | f & 1 f 1 i
solopleol - | - [del 7 feerlesl/|co. wmﬁ& os|ot] 10t/ TS| 2497 Vsoslsda| sr¢ 1 § M EF/
ey Ve 8o - | - | - l4pz|rolsds) - L iz] - %\h.\s v/ \is/
) $9|s¢ #4 |7
_taal 21 <1 - besd - Vel < lenl - bes |65 .
7 224 lep| - |s© Nn \n\n s/ Y/
- 90) | -] - V]| - po] - e - Rl /7 7497 $6 |#4/]
“lexl -4 -1 - bsas) - |a7] - 18] - Yo 8/ . /107 Ay
- w87} - - | - |es/| g9  (A) - |48 P/ Res oL 1ot/ w49/ crel ons
-1, v ol -4 - eod - deaglsolee|srY et £ lon|erzs| o5 PE|S LS| S 1¢/ Y856 |sAl
apel as SIS C g oy Ia 1 ) _
a2
25975 by apeyerom ~ ezl = -l - |esh| - Jeon - 4 5457 S5\
o riebra .?%\.L“e vy F iy ~leol - < - | - 1stilea) 214 £71/8 ) (857 |5 ods? WIS UL 3497 Vyzlen/
R O L A . TN e o .
Nssliolen| - {eredzolsorie vl - n&:&\ 1 onlse |xs] wia/ nylets
Is Aa\&l«& 1A YD GEALTD *.b a\\Q?wV . . kAN 14 ’ - ez /p/
o G4 R N R O PRS2 IR IR Rl A 4 B xzlop/
-lor|rollul - Lgm - | - hoEles) - Ll 6 . 9sE|cel
s|S . £477 |zl
Vot saprgzee -17o) - |- | - 147 - poEfeoes) - fes] ¢ (N orlen|zs) zea7 . wsleer)
o ..:.oi{u ...&lﬂ\ﬂﬁ) .\N\QQ\\UQH .
[ . .
i EA RS S Y ST Ay e i i ki B A B0 e 6 A BT E I AR
/ ® *- = T
.—! 5y rwe Q Gl oAy g Wy o.:\uv‘s u.&vﬁi\o*\ko M&L%h NQ\bQO al». wy/

(9) Foreteed 7 Y79l

~




Table 2.

Coldﬁn-No.

w

“w W 9 a

O = O_?

34

(Con .)

Explanation for column numbers

Rocks for which date is given

Dunite, free of augite, from core of complex. .
Augite dunite, contains less than 12.5 percent augite.
Augite dunite, from dikes and. outlyi:ng masses in olivine augitite.
Wehrlite, 12.5 percent to 50 perocent augite.
Wehrlite, from dikes and tabular masses in olivine augitite and dunit.e.
0Olivine augitite, contains more than 12.,5 percent an& less than
50 percent olivina. .
0livine augltite, oontaiﬁing more than 12.6 percent olivine, from
dikes eut&ing oliviﬁa augitite that contains lesser perocentages
of olivine, '

Olivine augitite, contains less than 12.5 percent olivine,

Olivine augitite, average. of modal values given in columns F and H

for normal olivine-rich and olivine-poor fécies of olivine augiti€o.
Wehrlite, faoies.of compiex found locally at outer margin of perido-'
tite in direot contact with granﬁlitlzod country roocks.
0Olivine augltiﬁe, relatively rich in olivine, a facies found locally
at outer margin of peridotite in contact with granulitized country

rocks.

'Gabbroic pegmetite, from dikes and irregular masses in olivine

eugitite.

" Augite-andradite garnet roock, from dike-1ike body cutting olivine

augitite. o : ,
Olivine beerbachite, from dikes cutting olivine augitite.
Beerbachite, free of olivine, from dikes outting olivine augitite.
Hornblandihe-boerbuchito, from dike cutting olivine augitite,

Feldepathic vein material, from early primary joints ocutting olivine
augitite. :




Table 2. (Cont,) Explanation for column numbers

Column No, Rocks for which data is given
. R 0livine gadbbro, from parts of gabbro ring near contacts with

pe.: idotite.

S 0livine gabbro, from parts of gabbro ring near contaots with gran-
ulitized olountry rooks. o

T Gabbro, augite gabbro free of olivine.

] " Gabbro, average gabbro obtained.from aﬁraging modal walues in . .
columns R, S, and T,

v Gabbro-diorite, facies of gabbro ring from outer margins of widest
part of the gabbro ring.

w | Gabbroic streaks and apophyses present in indistinect bands or dis-
tinotly cross-cutting dike-like bodiee in granulitized country rocks
near contacts with the mein body of gabbro of the complex.

X . Inclusions of granulitized and amphibolitized oquntry rock in gabdro.

. Y Gebbroio granulite, from granulitized country rocks within a few

hundred feet of the outer oontacts of the complex. |
A Hornblende dolerite porphyry, from a partially amphibolitirzed dike
older than the complex ocutting lower Silurian conglomerate.

22 Andesite~basalt melaphyre, from a group of Tertiary dikes that out

all the older rooks in the Blashke Islandsa.




IntersiiLiul galeie plagieclase which 2y or v not te elitersd. Hoth frosh and
altercvi plegioclase ore white., Seme pccossory iuterstiéial pyrite is not uncorron.
Larnctite iy be present in cecordary sponry messes ené veinlets that are not
cetocrtatle mernnseapgically, I urelitiec hornblende iz shundant it pives tho rocic
a dvll, ~ray-rreon cnct. A5 tho rock spproaches wehrlite in composition the
wenthered surfnce ascumes a mottled b; streaky appesronce wita brown Lo buff creas
of ulivine and aerpentine contrasting with the green pyroxene.

Under che nicroscope most slides of olivine auzitite ere seen tu be fairly
simple in tesxturc and composition, consisting of coarse pyroxenc which may bhe
quito fresh or pertislly elbered to rrecn hornblende and coerse olivine which is

Jocally frosh but pormally portially altered to yeliow antigo}ite. However, the
toxturel reletionship of olivine to ryroxene appears to be the reverse of that
found in the aupite cdunite, in which curite isyclearly interstitiel to olivine,.

in olivine eupitite tho clivine is commonly interstitial wo the ausite. It
commenly occupies irrefular areas between rreins of pyroxene which tend to exhibit
imperfecct erystel form ageinst the olivine, andwhere the favalite ccntont of the
olivine reachos about 18 percemt or more, roundecd irclusions ol augite are not
uncormon in the olivine es shown in plate 174 and 17B.

“extural and compositional vorisnts ere more extrere znd nore common ir uho
¢1ivine aupitite than in the other peridolites, There are sireaks and bunds within
the olivire curitite thaet are minerslogieerlly neerly identical but contrast sharply
in texturq; ranging from extremely coarse rock with pyroxeno rrains sevornl conli-
metors in cross secuion to rolativqiy fine~grained rocks with prains a few nilii-
meters in soction, : .

lieer the ovter border of the complex four sdditional late primary phases

appour sporaidically in the ovlivine surgitite. These are common hornhlende, rero-

liﬁé, enlcic plagioclase (An93 to AnS6), mnd rare troces of hypersthene. All of

those minerals are cleerly later than the curite and most of the olivine end




typicnlly appear as sinple isoleted grains ocoupying interstitiel spaces or as
coarse textured, irregular streaks or clusters of grains. ‘An unusual facies of the
olivine augitite ic represented by specimen 133B, item 45, seotion 4, table 1, pare
27, This rook‘ia a wehrlite with moderately abundant late primary hornblende pleo-
chroic in brownish-pink to pale green like hypersthens. Plate 18A is a photomicro-
graph of this mineral enclosing subhedral olivine, Near ths éute; margins of the
olivine augitite, olivine is found locally enclosing what appears to be primary
hornblende as well as hornblende pseudomorphio after augite, as showz in plate 163. ‘
Modes for olivine augitite in whioh olivine exceeds 12.5 peroent are given in
section 6 of table 1; for olivine augitite with less than 12,5 percent olivine in
section 8 of table 1; and for an olivine-rich sugitite found in ocontact with gabbro

and hornfels at the outer contaoct of the pyroxenitio ring of the complex in seotion

" 10 of table 1. The averages of these modes are recapitulated in ecolumms F, K, I,

and K of table 2, and a chemical analysis is given in column I.

| Peridotite dikes

All of the peridotitio rocke desoribed above, with the exception of dunite
absolutely free of augite, have been found as dikes or veins outting each other.
VWell-definod dikes of augite dunite ocut dunite, wehrlite, and olivine augitite.

" Wehrlite and wehrlitic olivine augitite dikes out dunite, augite dunite, and oli=-

vine augitite. Moreover, thin dikes of almost pure augite ocut the more olivine-
rich rocks, An‘augite dunite dike outting massive olivine augitite is shown in
plate 6§, and several olivine augitite dikes oﬁtting dunite are shown in plate 6.
Well-defined inclusions of augitite from mere clusters of a few augite orystals
to masses several yards in saétion have beon observed in wehrlite near augitite
conteots. Many dikes of olivine-rich rocks such as augite dunite and wehrlite
have been found ocutting olivine-poor augitite as much as 1,000 feet from the main

v

dunite mass. Thus the oontect relationships between the major ultrabasio rook

types range from gradational to sharply intrusive.
Modes for augite dunite dikes and outlying bands within the olivine augitite
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are given in section 3 of table 1; for wehrlite dikes in section & of table 1;
and for olivine-rich augitite dikss in section 7 of table 1, The average modes
are recapitulated in columns C, E, and G of table 3, and chemioal analyses of an
sugite dunite dike and a wehrlite dike are given. The augite dunite dike cuts
olivine augitite and the wehrlite dike ocuts dunite.

Dike rooks and minor varients assoclated with peridotite

A é.iatlnotiva group of dike rocks beside the dikss belonging to the major
members of the peridotite scomplex is found in th; peridotite portion of the Blashle
Islend ¢gomplex. These rocks form small dikes, generally a fraction of an inch to
several inches in thiockness and none of mappable size., They are not abundant
e;aough any place in the ;aomplex to form.an a;iprgoiablo volume of the rock, but

they are quite oommon everywhere exoept in the interior of the 'dunite oore of

the oomplex,
| In the m.a.rgiml portions of the dunite core, at a maximum of 1,000 feet from

the augitite contaoct, and generally in augite dunite or wehrlite border _facies
rocks, there are thin veins or dikes’ot ooarse augite similar to the augito present
in the rook. These bodies range from a fraction of an inch to an inch or two in
thiokness and may be continuous for lengths of up to fifty feet. Commonly the
orystals of augite in these bodies are in random orientation, but as large in
oross section as the width of the dike. These bodi'ea are generally bordered by
e zone of clear yellow serpentine and contein masses of serpentine within them
that may represent pseudomorphs after olivine., A modal determination is given
as item 96 of section 11, teble 1. )

Another group of dikes corresponds in composition to ma jor peridotite members

but is charaoterized by a distinctive fabric. The:;a dikes congist of varying pro=-

 portions of olivine and augite ranging from augite dunite to olivine rich augitite.

The texture is granular and finer greined than the typical peridotite of correspond-

ing compogition. The augite grains are generally larger than the olivine, while -




the olivine forms small granular stringers surrounding pyroxene grains and clumps
of grains in an enastomosing network, giving the roock a reticulated fabric of
granuler olivine. Plate 19A is & photomicrograph of a dikelet of this type 1.8 mm
wide cutting coarse dunite, These dikes are found in all the peridotite members
of the complex but only in the marginal portions of the ocentral dunite core.
Where found in dunite end augite dunite these dikes are generally richer in pyrox-
ene than the enclosing rooks, and in wehrlite and olivine augitite they are gener-
ally richer in olivine, Their contaots with the enclosing rock may be sharp and
defined by a thin zone of serpentine, or the contacts may be distingﬁishad only
‘Aby an abrupt change in texture, fabrioc, and relative proportions of constituent
minerals. These dikes are also characterized by a relative lack of serpentiniza-
.tion. They range from a fraction of ﬁn inoh to several inches in thiokness and
‘are typically uniform in thickﬁess and attitude for exposed lengths up to 20 or

30 feet. |
A distinoct group of dike rocks characterized by the presence of calcic plagio-

I’ i clase and primary hornblende is found in the olivine augitite ring of the complexe.
Tﬁbae rocks are allotriomorphic t; hypidiomorphic granular in texture and fine
grained, though some contain coarse olivine phenocrysts and large poikilitio horn-
blende crystals and are thus porphyritic (Photomicrograph, plate 19B). The typi-
cal texture may be described as aplitic. They are gabbroio in composition ranging
from wehrlits, with a small amount of calecio plagioclase and no primary hornblende,
to hornblendites containing minor celcie plegioolase (Photomicrograph, plate 204)
They have the folloﬁing mineral assemblages and characteristiocs: |
‘1. Oliwipne, auglte, plagioolase, and only late poikilitis hornblende.

2. Olivine, augite, plagiooclase, and primary hornblends. ‘

* 3+ Augite, plagioclase, and hornblende, with a little olivine 'surrounded by'

enntatite;ﬁctinolito oorohas.

4.A Anéite, plagioclase, and hornblende, with traces of hypersthene in a few q

. | specimens, ‘

-



5. Hornblende with minor plagioclase and traces of augite and hypersthene.

The dikes of this group also range from a fraction of an inch to a few
inches in thickness and are uniform in thiokness end attitude for exposed lengths
of up to 30 feet. Their oontaots with the enclosing rock ere sharp and usually
marked by a narrow sone of hornblende, Some dikes of this group exhibit distinot
flow febrios with the minerals in streeks and with strong' preferréd orientation
parallel to the walls. Dikes of groups 4 and & @re aleo common, cutting the gabbro
ring of the complex. .
. The name beerbachite was coined by Chelius (1892, PP+ 2-4) for rooks desoribed
as "gabbro-aplite” but containing a substantial percentage of mafites. The name
issite was applied by Duparc (Duparc and Grosset, 1916, pp. 106-108) to a horne
blendite with subordinate slinopyroxene and less caleic plagioclase found in dikes’
) outting dunite, It seems undesirable to use a number of names for different vari-
. ants of a genetionlly related sequence of roocks where the use of different naxnaa
merely obscures the essential consanguinuity. Therefore the name beerbachite will
be used to refer to these rocks as a group, and it will appear from the discussion _\
of the o‘rigin' of these rocks in a later section that this name may be pécyliarly _
appropriate in the light of the controversy that has tairen‘ plaog over thé origin
~of the beerbachites from the type locality. ‘ C o

Modes are given in sections 14 and 15 of table 1. *. The beerbachites of sec-
tion 14 ocontain substantial percentages of olivine and those of section 15 are free
of olivine, The averages are reoapitula:badi in columns N and O of table 2, An
" analysis of hornblende-rich, olivine-free beerbachite (specimen 99, item 112,
seotion 16, table 1) is given under column P of table 2, '

One unusual dike-like body associated with dikes of this group ooﬂsists of
.an aplitic texturod,‘ fine grained, white rock oomposed of almost oolorless granu;
lar diopsidic augite and colorless andradite garnet with a little ohlorite.” The

mode of this rock is given as item 103, seotion 13, of table 1 and in column M oz"

- table 2, A chemioal snalysis and calculated norm is given under column M of
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table 2. (Photomicrorraph, plate 20B) The mineralogioal and ;h;mioal composi~
tion malke 4t almost certein that this is a rock produced by contact metamorphism
of a limestone and raises the question as to whether it is an inclusion rather
than a dike. The ficld relations are quite clear. The rock is exposed contin-
uously for several yafds as & dike about 3 inches wide cutting ooarse olivine
augitite., The walls are sharp end parallel and several small, altered, angular
inclusions of olivine augitite are present near the walls of the dike. Although

a product of contact metamorphism, 1t has certainly been completely "mobilized." _/

_/’A euphemism employed when a petrologist does not quite have. the courage to say

fused or dissolved,

The possible significance of this dike will be taken up again when the origin of
the beerbachites is discussed. |
Within the olivine augitite ring of the complex, and particularly near its
outer border, are irregular masses and dike-lilke bodies that might be descfibod
as basic pegmatite. They are characterized by very coarse calecic plagioclase
with coarse hornblende, augite, olivine, and spinel, In some specimens the
olivine is surrounded by coronas of enstatite and actinolite. In others no trace
of corona formati&n is present. Some of these bodies are merely formless, irregu-
lar patches within the augitite; others are distinot dike-like bodies with sharp
- . contaots with the eugitite; while a box-work pattern of pegmatitic streaks in
coarse olivine augitite is developed in other places. These relations are shown
in photographic plates 7, 8, and 9. Some of the dike-like bodies show a crude
"goning, tending to be feldspathic toward the center with elongated hormblende
orystals growing from the walle inward. The dike-like bodies range up to several
. feet in thickness but none are exposed for more than a few tens of feet., Most of
" the irregular masses are only ea few inches in cross section, but they may ocontain

anorthite crystals an inch aocross, generally concentrated in the center of the

mass, Mineralogioal data for some basic pegmatite specimens is given in section




12 of table 1, end a chemiocal anelysis of & composite specimen is given under

column L of table 2.

Gabbroic rocks
Gabbro

The gabbro of the Blashke Island Complex ranges widely in mineralogy,
texture, structure, and field relations., The essential components are plagio-
Qla.ae,' augite, and hornblende. The gabbro tends to be rich in augite near the
inner margin of the ring where almost all of the hornﬁlende has late poikilitie
relations to augite and plagioclase. Toward the outer margin of the gabbro,
augite is much less abundant and in most facies largely replaced by hornblende,
Here the rook elso contains a good deal of primary hornbl#nde. 0livine is commonly
present in the gabbro near contaots with peridotite and absent in the outer por«
tions, Hypersthene and biotite are present locally and in small amounts in the
outer parts of *fhe gabbro, generally near hornfels contacts, Common accessories
are apatite, sphems, and o;'ea = inoluding sulfides, magnetite, and ilmenite.
Prehnite and pennine appear sporadically as late interstitial primary minerals
and as alteration-produots., Other common alteration products and fracture £ille
ings are roisite, clinozoisite, epidote, leucoxene, tremolite-actinolite, sericite,
olay minerals, heulandite, and carbonates, Quartz is present as a late intersti-
tisl primary mineral in a facies of the gabbro mass at the outermost contacts with
oountry rocks, and late interstitial senidine or albite is found locally in this

facies. A deep golden garnet is found as one of the principal primary min’erals
in a coarse gabbroio veinlet ocutting into a large hornfels inolusion within the
| gabbro. Modes and‘data on the oomposition of the major minerasls of tho gabbro
"are given in table 1. Seotion 17 of table 1 gives date on olivine gabbro, soc-
tion 18 on typioal augite gabbro free of olivine, end section 19 on facles of the
gabbro nﬁar the outer contacts., These modes ere recapitulated in columns R, S,

vy
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Ty V, and W of table 2 and a ch;mioal analysis of a composite specimen of the
-gabbro is givon in column . |

Vhere augite is 1n large excess of plagioclase in the rock near the inner
ocontacts of the gabbro ring, it is distinotly earlier than plagioclase and commonly
" present as inclusions showing some semblances of crystal form in large intersti-
tial grains of plagioclage. Where the plagioolase is approximately equal in volume
to augite the two minerals are mutuelly interfering and appeaer to have orystallized
simultaneously. Toward the center and outer portions of the wider parts of the
gabbro ring where plagioclase is in large excess of augite, the augite is dis-
tinctly later than plagioclase and is commonly poikilitic, enclosing numerous sub-
hedral grains of plagioclase., The olivine is found in scattered, anhedral grains,
many of which enclose rounded grains of both augite end plagioclase, O0livine is
epparently somewhat later than at least part of.the pyroxene and feldepar. The
olivine in some of the gabﬁrn has coronas of several types and these will be
described on pages 134-8. Hornblende 1s_oommon1y41ater than the other primary sil-
icates and much éf it has formed by the replacement of the other silicates, but
mainly of eugite., However, some small inclusions of hornélonde with orystal form
oan be found loocally in augite, indiocating a small amount of primary orystalliza-
tion of hornblende along with augite. Of the accessories, apatite formed early,
but sphene and the sulfide and oxide ores crystallizeé late and commonly repiace
. ali primary silicates including hornblende, |
| The texture of the gabbro is coarse and varied, ranging from allotriomorphie
~ to hypldiomorphioc granular. In outcrop the mafic minerals weather dark and the
‘:feldspar white or pale brown,while on fresh surfaces the mafites are black or
' ﬂark'green and the feldspar white, so that there is commonly 1ittle kifferenoe
in ocolor between fresh and weathered surfaces., A striking feature of much of
the gabbro is a thin leyering or banding ocaused by the‘conoentration into closgely
' spaced parallel layers of most of the late, poikilitio.hornblende. The width of

bande relatively rich or rolﬁtively,poor in hornblende ranges from a fraction of
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an inch to a couple of inches, and the extent to which this texture is developed
ranges froa strong to very subdued, grading into Qniform gabbro with an almost
granitic texture, The layering is accompanied by a slight to distinot preferred
oricntation of tabuler plagioclase crystals toward parallelism with the banding.'
The banding is steeply dipping almost everywhere that it is present, but the
strike does not show any very oonsistent orientation or relationship to the pattern
of the complex except that near both the outer and inner contacts of tﬁe gabbro
it tends to swing into parallelism with the contacts, but may also be found locally
at high engles to the contacts with hornfels. The bandiné does not maintain a
consistent and uniform attitude over stretches of many yards, but is commonly wavy
to strongly contorted and presents a remarkable pattern of sets of sweeping ourves
transecting and transeqpod by other sets of curving bands. Tﬁe surfaces of intere
seotion between oross-cutting sets of bands are almost all steeply dipping,
Plates 10 and 11 depict some striking examples of this structure. Figures 3, 4,
5, and 6 are pen sketches of some of the patterns displayed by the banding.
it is important to note that this layering 1s not due to the aegéegation of
two early primary phases into layers altdrnately enriched in one mineral or the
other with the residual liquid erystallizing at random interstitially 6r by deu~
.vtoric reation. The layering is due to the concentration of h;rnbleude, the last
important component of the rock to form, into relatively enriched bands with
respect to plagioclase and augite, the earliest import;nt components of the rock
to orystallize. The plegioclase shows some evidence of fluidal orientation and
in some slides there appears to be a 1little protoclastic breaking and rounding
of the larger plagioclase orystals, but the hornblende forms coarse, irregular,
completely anhedral poildloerysts enclosing randomly oriented, somewhat rounded
grains of plagioclase and auéite a;d has grown at least partly at the expense of
plagioclase and augite. Apparently the texture formed by the concentration into |

these bands of a late fluid phase that reacted with the so0lld phases to form

hornblende,




Pigure 3, Pen sketoch showing trend and pattern of hornblende-rich bands
in gabbro. This mattern is shown on a nearly horizontal outcrop surface. The
bands are steeply dinping., The length of the cutcrop is about ten feet,

N, .
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Pigure 4, Pen sketch showing trend anipattern of intersecting and converging
hornblende=-rich bands in gabbro. The outcrop surface is nearly horirontal and
about 6 feet long. The bands are steeply dipping.
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Figure 5, Pen sketch showing trend and pattern of swirling hornblende-rich
bands in gabbro. The outc'z"on surface is nearly horizontal and about 4 feet long;

_ The bands are steeply dinning.




Figure 6, Pen sketch showing trend and pattern of hornblende-rich bands in
a relatively light-colored, even-textured gabbro cut by a coarse, mafic gabbro
containing numerous inclusions of lighter-colored gabbro and hornfelsed country

" rock. Both gabbros are cut by a small sliv. The outcrop surface is nearly verti-

~ cal and about 3 feet long.
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In e fewr localities, where the gabbro does not have the layered or banded
texture, it has a mnttled or spotted aspeot due to the concentration of a larger
perocentage of late hornblende into more or less equant clusters from an inch to
several inches in section separated from adjacent clusters by gabbro containing
a smaller percentage of hornblende. However the common teituro where not banded

| is coarse, uneven, and almost éranitic.

A peculiar and not fully understood feature of thg exposure of the'BI%shko
Island complex is the faot that nothere is there a fully eiéého@foéntact between
the main olivine sugitite ring and the main gabbro ring. I;'fa;t a; inap;ction'
of the geologio mar (plate 1 ) will show that the erosion of the sea-ways in the
Blashke Islends has been controlled by this contact more then by any other featurg.'
The gabbro;peridotite ocontact apparently is a zone of extremely weak resistance
to erosion. For e distance of about 1,400 feet niong the easternmost border of
the peridotite mass the contact with gabbro traverses "&:y land", but ewven here
the contaoct is concealed beneath a narrow strip of swampy gfoﬁnd except for a
partial and imperfect exposure at the southern end, At the pértly exposed part

of this contact there .are almost oontinucus outorops of uniform olivine augitite

. up to a covered arsa of low ground forming an indentation at the head of the

small bay where the outorop is looated. East of this break in the exposure is a
faecies of the olivine augitite thet contains 4 or 5 percent of interstitial anor-

thite (specimeﬁs 215 and 216, items 81 and 83, section 8, table 1) and this appears

" to pass rather abruptly in a distance of 10 or 20 feet into a oovarse, mafio,

" o0livine gabbro with about 36 peroént anorthite (specimen 219, item 119, seotion

_ - 16, table 1), Within the feldspathic olivine augite there eppeared to be some

amall inolusions of gabbro, but none of these could be broken from the outorop

.for investigation.
" On the north side of the channel north of the long island forming the east
shore of Bivouac Bay there is a somewhat similar relationship exposed. South of

- the channel is a normal olivine augite, North of the.channel is a thip-bind of
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olivine augitite (specimen 261, item 80, section 8, table 1) containing numerous
irregular streaks and banda of coarse, anorthite-bearing basic pegmatite that
passes within a few feet northward into a fine-grained granular augitite almost
free of olivine and with a little interstitial feldspar. This feldspathic augi-
tite, which is by no meens olose to normal gabbro in oomposition or texture, is
in direct contact with hornfelsed country rock (specimen 253, item 166, section
22, teble 1).

| An entirely different relationship is exposed on the south side of the émall
gabbro mass (specimen 142, item 118, section 16, table 1) surrounded by olivine
augitite near the eastern border of the olivine augitite ring. Here one exponsed
. oontaot is perfectly sharp between the two rocks and the oontact surface has
" geveral angular irregularities in it end some small apophyses of gabbro tonguing
; ogt into the olivine mugitite., In places this contact is marked by an open joint
"between the two rocks. At another place a hornblendite dike about 2 inches wide
follows the contact for a few feet. Unfortunately, a low angle, westward dipping
fault surf@oe forms the other exposed conteoct with olivine augitite and the exact
" relationship of this body of gabbro to the main gabbro ring of the complex remains
.a matter.of speculation, )
To summarize the ocontact relations between the gabdbro ring and the olivine
- augitite shell of the peridotite complex; one contaot between the main masses of
both rocks is abruptly gradatiohal from a slightly feldspathic faoies ofvtha
olivine augitite into a ocoarse, olivine gabbro., A gabbro mass that is present
within the olivine augitite ring, possibly as the reéult of faulting, has sharp
intrusive relations with the élivine augitite, and at a third contact, a slightly
.feldspathic augitite, 1s in direot oontact with gabbroic hornfels. However, there
i 18.reaaon to believe that none of these expusures are typical of ﬁost of the con-
! taot;'booause most of the contact has proved peoculiarly nonresistant to erosion
while these ooqtaots are of normally resistant rook., Furthermore none of the

contaots, where exposed, affords a view of the transition from a feldspathio




facies of the olivine augitite into the normal olivine augitite in which feld-
spar is very sparsely and sporadically distributed. ‘
The contacts botween gabbro and country rocks are exposed et many poinfa
around the periphery of the complex. They range from sharply intrusive in char-
aoter where the gabbro ring is broad, to vaguely demarcated transition zones a
few feet wide between gabbroioc rock with irregular texture and gabbroio granulite
cut by numerous 1rregu1arAdikna and streaks of rock with coerse but not typionl
gabbroic texture, In somes places, as shown in plate 12,'a oléar-out intrusion
breccia marks the contact: Tonguez of gabbro enmesh numerous angular blooks of
hornfelsed country rocke This type of contact is best exemplified locally around

the northeastern and eastern border of the complex where the gabbro ring is widest
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in outcrop. At other points, particularly around the southwestern and western part

of the oomplex where the gabbro ring is narrow and less perfect, a more irregular
and less distinct type of contaot is developed. Here many tongues and apophyses
of gabbro pass off into country rock, but they tend to be irregular in wiﬁth and
-attitude aﬁd to fade out into ooarse gebbroic hornfels that is difficult to tell
"4n the field from the gabbro, -Inclusions in this part of the gabbro are commonly -
. indiatinot and rounded or irregular in shape rather than angular,
A conventional interpretation of the field relations of much of the gabbro
~around the wustérﬁ edge of the complex probably would lead to the conclusion that
there has been a great deal of breocciation and partial assimilation of country
rook by gebbroic magma in certein localities. However, gradationel relations
- between gabbroic granulites of undoubted metamorphic origin and irregular streaky
zones of ooarse-grained rook of gabbrolc ocomposition but with suggestions under

- the microsoope of porphyroblastio texture, argue that m;ch so-called gabbrv has
| ' be;n derived by recrystallization of hornfelsed ocountry roocke After all, the
same mineral phases are present in both the gabbro and the gabbroic granulite

j hornfelses. (nly the textures, and to a lesser degree the proportions of con-

-
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stituents, are different. The chemical compositions of gabbro and gabbroio gran-
ulite ere strikingly similar as shown in columns U and Y, table 2. Gabbros with

dubious textures and relations suggesting derivation by reorystallization and re-
plecement of ocountry rocks are represented by specimens 308, 309, 347, 358, 360,

356, and 230, items 122, 124, 123, 138, 134, 140, and 141, table 1.

Many dikes ranging in size from asmall gabbroi6 stringers to masses of coarse
gabbro 200 feot wide and exposed for distances of over 1,000 feet cut fhe ocountry
rook within one to two thousand feet of the main complex, and their contaots are
typically sharp but not characterized by chilled borders.

Thrnughﬁut the gabbro masgs-angular to rounded or streaky inclusions of mafio,
amphibolitio granulite are oommon. Plate 13 shows an outcrop‘of gaﬁbro near the
inner part of the broad northeastern section of the gabbro ring contaihing numerous
angular inclusions. The gabbro is also cut by numerous mafic hornblende-augite-
plagioclase dikes of the beerbachite group, and loocally masses of this type breo=-

.ciate the gabbro and oontéin inolusions of gabbro. A hornblendite~beerbachite
dike is cutting the gabbro 4in plate 13. Despite the distinctly different modes of
ocourrence of the inclusions in the gabbro and the dikes cutting the gabbro, they
correspond rather closely in composition. The modal mineral compvsition of in-
olusions and dikes in gabbro can be compared in section 23 of table 1. Specimens

95 and 16 , items 148 and 149 are dikes and the other specimens are anguler

inolusions,.

Gabbroio rranulite

The country rocks surrounding the Blashke Island ‘obmplex show evidence of
oontact metemorphism for distances up to a thousand feet. Near the complex, oon=-
tadt metamorphism is generally strong to extreme aﬁd the country rooks have been
* transformed into granular hornfelses of gabbroioc to amphibolitic composition in
e zone one hundred to two hundred feet wide, Similar rooks formed by the thermal
ﬁstamorphism of basaltioc lavas were falled "granulitic. gabbro" by Geikie and Teall

Ry
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(1894, p. 647 and pp. 650-651) and this term was oontinued in use by Harker

(1904, p. 115) who stated that the term was equivalent to "pyroxene granulite"

as used by continental European petrographers. The name granulite has long been
applied to a variety of metamorphic rocks with a crystalloblastic-granular texture
(Rosenbusch, 1910, pp. 622-626). Since the rucks are not gabbro in the genetic
sense, but are of gabbroic composition and mineralogy, the name "gabbroic granulite®
will be employed rather than "granulitio gabbro."”

The gabbroic granulites characteristically weather to a hard, smooth, brovnish-
black to reddish-brown surface. COQrsor streeks with gabbroic texture have a
mottled surface beocause the calcio feldspar tends to weather white or pale brown.
Nodular clusters and streaks of mafic minerals tend to stand out in relief and
weather bleck. Jointing is generally very irregular both in spacing, attitude,
and patterns of sets. In fact it is difficult in most outerops to discern any
well-defined joint sets. Some primary structures and textures of the original
sedimentary or volcanic rock are locally etched out as clearly by weathering as
though the rock had undergone no metamorphism. Thinly laminated bedding and cone-
glomeratio textures are clearly shown on the weathered surfaces of some outerops,

but elsewhere obliterated or almost obliterated. Freshly broken surfaces of the

- pranulite range in color from 1ight to dark gray with a brownish cast if biotite

or hypersthene is ebundant. The fresh surface has a granular, sugary texture.
’Mbst granulite is too fiﬁe-grainad for any individual minerals to be recognizable
.'in hand specimen except for grains of sulfides, but in coarser specimens it is
" commonly possible to recognize biotite, plagivclase, and perhaps hypersthens, if
present, |
Under the micruoscope the gabbroic granulite is seen to have typically a

orystalloblastio granular texture formed by a mosaic of plagioclase through whioch
small, more of less equidimonsiﬁngl grains of augite are scattered., Plate2lA
_ghows this texture in its simplest form. If olivine is present it is generally .

. in relatively coarse anhedra that are commonly strikingly poililitic,. enclosing




numerous plesioclase, and aupgite greins as shown in plate2lB. Hypersthene, if

presont, is ocormonly in anhedral grains but noticeably elongated in the direction
of the ¢ axis. Biotite, if present, is generally distributed through the rock in
irregular clusters of unoriented flekes generally assooiated with grains of olivine,

hypersthene, or ore,

The most intensely metamorphosed facies of the gabbroie granulite are found
at the localities on the northern and western borders of the complex where perido-
tites are in contact with country rocks without any intervening gabbro, Here the
country rocks have been converted into dense, fine-grained to moderately coarse-
grained rocks consisting primarily of a granular eggregate of calcisc plagioclase
and augite, but generally conéaining in addition substantial percentages of either
olivine (hyalosiderite) and biotite, hyparsthene and biotite, or hypersthene,
Both sulfide and ux'de ores are present, and apatite in coarse, anhedral grains
is an ubiquitous acocessory. Modes and mineralogical data for granulites of this
facies are given under seotion 24, of table 1, and the modes are averaged under
column Y of tabl@ 2,'£nd an analysis and calculated norm is given,

In spite of the complete mineralogioal transformation and reorystallization

_ that has taken place in the gabbroic granulite, original struotures and textures

such as bedding and conglomeratic or agglomeratic textures are locally distinctly-.

visible in outerop, hand'apéoimen, and thin seoction. Thus the outorop from whioch

-, specimen 368, items 161 and 162, table 1, came has the aspest of & coarse boulder

conglomergte composed of rounded pebbles, cobbles, and boulders that stand out

. both on weathered and broken surfaces from their matrix., Plate 22A is a photo-

micrograph of the matrix of this rock. In thin seotion there is no break in the

‘ granular mosalc texture between the pebbles and the matrix, but there is an abrupt
difference in the mineralogy as is shown by the modes given in table 1 for the

‘matrix and the pebbles, though both have clearly undergone complete mineralofical

transformation from their probable original composition. In the outerop of speci-

men 280, items 1567 and 158, table 1, there are several nodular masses an inoh to




two inches in cross section with a finer texture and lighter oovlor than the rest
of the rock that appear in cross section to resemble fossil mollusca. However
their original fossil nature cannot be proved due to the extreme alteration, and
they may just as well be relicts of concretions, pebbles, imclusions in a voleanic
rock, or large amygdules, They have been converted into an augite-plapgioclase
granulite closely ocomparable to that of the pebbles in specimen 368, while, as in
specimen 368, the grounﬂﬁaas contains olivine end biotite. Plate 21B shows the
host rock of specimen 280, and plate 21A shows the enclosed nodule of dubious
fossil origin. Mineralogiocal differences reflecting compositiopnal differences in
original bedding are shown by specimen 285, item 159, table 1. The part of the
rock from whioh the section was cut for which the mode is giﬁen in teble 1 contains
hypersthene almost to the exclusion of augite. An adjacent band in rock contains
augite and virtuall& no hypersthene or biotite.

Grout (1933, pp. 989-1040) has described gabbroic granulite derived from
slates that have been gabbroized by contact with the Duluth gabbro. The slates are
shown to have been changed to rocks approaching gabbro in both mineralogy and
chemical composition by the addition of lime and magnesia and the driving out of
other ocomponents and by complete recrystallization. In the Blashke Island ecomplex
gabbroization is even more extrems.

Although origin#l struotures and megascopic textures are locally well pre-
servéd during the metamorphism of the country rocks to gabbrole granulite, they
" are also progreasivaiy obliterated by the onslaught of thermal metemorphism at
other points around the eomplex. As the peridotite mass 1s approached the texture

of the granulite becomes coarser. Indistinct streaks and irregular vein-like

bodies with a gabbroio texture appear, as do streaks and coarse nodular masses
‘of mafic minerals. The rock may be interpreted as having been injected by gab-
- broic magma, but no really clear-cut evidence for anything but prorressive re-

constitution of country rocks can be found. Specimens 253, 288, and 363, items




155, 164, and 156, table 1, are coarse gabbroic granulites epproaching the
normel gabbro in texture, but locally showing rolict structures suoch as bedding,
end differing from normal gabbro in the presence of suoh phases as hypersthens
and biotite. Specimen 266, item 153, table 1, is from a coarse mafic nodule a
fow inches in cross sactionAin the outcrop a few yards from where specimen 280
was taken. This rock ie a coarse, fbldspéthic websterite mineralogically.

The intensity of metamorphism drops off noticeably within a few tens to a
hundred feet of the ocomplex, 0livine 4s not present, biotite becomes progres-
sively more abundent, the plagioclase becomss more sodic, and e few hundred to
& thousand feet from the complex the rocks pass into normal ohloritic and amphie
bolitic greenstones in which albite, orthoclase, quarte, ohlofite, paio green

amphibole, zolsite, épidoto, and oalcite are oommon phases,  Specimsn 232, item

169, seotion 22, table 1, ie & laminated hornfels from about 400 feet north of

a gabbro-granulite contact at the northeastern edge of the somplex. This rock
consists of a coarse mosaic of anhedral quertz with coarse subhedral to euhedral

crystals of a deep reddish-brown biotite and a green emphibole scattered through

" it. This assemblags of minerals is riddled throughout by small granules of

£s)

-orthoclase so that the sections of hornblende and biotite resemble slices of an

exooptionally vesicular Swiss cheese, while the volume of granuler orthoclase

~ in the quartz exceeds oonsiderably the volume of the quartz. Five hundred feet

further north the laminated hornfels passes into a low grade greenstons with

-abundant c¢hlorite and oalecite,

The gabbroic granulites developed near gabbro contacts with oountry rock,

particularly where the gabbro ring is wide, show a lesser intensity of mota-

"~morphism than the granulites at peridotite contacts. Olivine is not found except

in’nne §peoimen (358, item 146, section 21, table 1) from an inolusion near a
gabbro oontact with granulite very olose to the peridotite mass. Hypersthene is

common and biotite is abundant. The plagioclase is generally in the andesine

renge. . .
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Inclusions of country rock are very oommon in the gabbro., Such inclusions
are apparently very rare lo the peridotite, but two small ones were found within
olivine augitite near its outer margins. These inclusions are also characterized
by granulitio texture, but they are a distinotly different facies from the gab-
broic granulites in external contact with rooks of the camplex, They are ohar-
acterized by the presence of appreciable to abundant hornblende, which is absent
in the normal granulites near peridotite conteots, and also charasterized by the
virtual absence of biotite, which is common in the normal granulites. Modes and
mineralogical data on inclusions in olivine augitite are given in seotion 22,

table 1, and on inclusions in gebbro in section 23.

0livine and hypersthene are not truly typloal of the granulitized inclusions
present in the gabbro, but olivine and hypersthene are abundant in one of the in-
olusions in olivine augitite and ebsent in the other. Plate 22B is & photomicro=-
graph of the olivins-hyperathéne hornblendite inoclusion, specimen 284, item 144,
section 22, table 1. ’The two inclusions from gabbro that .contain these minerals,
specimens 3568 ahd 313, items 146, and 147, table i, are from inclusions in nerrow,
irregular bodies of gabbro on the western side of the oomplex where %he gabbro is

not well developed. The olivine in specimen 358 is oomrse, anhedral, end clearly

‘poikilitie with respect to hornblende as well as augite end plagioolase as is

shown by the photomierograph plate 23A. The other specimens of inoclusions in

" seotion 21 of table 1 are from the broad gebbro mass on the eastern side of the -

complex and are typical of many specimsns of hornblende~rich gabbroic granulite

found as inclusions in the gabbro.
Modes and mineralogical data on the host rocks from which the inolusions

of specimens 358, 115, and 10l came are given as items 138, 126, and 134, soctions

19 to 20, table 1. Comparison shows that the host roock and the inclusion contain
esgontially the same phases but in different proportions. However, inclusion 3568
contains olivine while the host does not, and porhaps paralleling this relation-

ship, the inolusions of 115 and 101 contein a larger percentage of augite, which
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is thelr most mafic anhydrous silicate, .than do the host rocks. The salient dif=-
ference between country rock thermally me’ca.mo-rphosed by external contact with the
complex and oountry roock ceaught up as inclusions in the rooks of tﬁe complex is
the fact that hornblende is present, or even predominant, in the inolusions and
not in the externally metamorphosed rocks for some distanoe beyond their contaots
with the complex. Hornblende is, of ocourse, the oharacteristio hydrous mafic
mineral of both the gabbro and the olivine augitite oontaining the inclusions.

[l
Yo

Mineral phases and their variations in composition

The foregoing description of the petrology of the Blashke Island complex and
the numerous micrometric determinations of modal mineral content given in tables 1
and 2 reveal 'bh;t four Aminerals combine to form moi'e than 98 iaeroant of each of the
major rook types of the oozl‘xplex, if alteration produots such as serpentine are ocone
sidered as representing th; primery minerals from whioch they were derived. These
minerals are olivine, augite, plagioclase, and hornblende, Actua}ly moh of the
hornblende is séconda.ry efter augite, The varying proportions in which these mii:-
eral phases are oAumbined, together with textural relations and mo]de of oocurrence,

define .ths rook unitse. | -
Each of these minerals has a broad range of composition owing to the substi-

" . tution of one element for another. Iron and magnesium substitute for each other
'in olivine, Caloium, magnesium, and iron are interchangeable ovm; a wide range
" in augite. Caloium and aluminum substitute for sodium And ailicon’ in plagioclase. -
‘ Hornblende is capable of complex substitutions involving caloium, magneaiu‘m,' .
bivalent and trivalent iron, aluminum, silicon, 'anci sodium. This brief state-
ment takes aoccount only of the major substitutions commonly encountered. Other
elemsnts play a role in one or more of these minerals, but generally a minox; one.
Tt.is not surprising, therefore‘, to find that the relatively simple pattern
of variations in mineral make-up of thé Blashke Island rooks is complioated by
correlated variations in the ocomposition of eaoh of the mineral phases, An 'attemptr

has been made to trace this pattern of variation within each mineral phase
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throughout the complex by the measurement of optical and other properties
whoso correlations with céemical composition are known.

The sections that follow present a detailed account of the petrographie
reletions end the deta relating to variations in composition of aach‘of the
minerals playing a role in the complex. In order to avoid burdening the reader
!ith.too muoh detail and perhaps obsouring aomelimportant relationships, ; brief
resume and synthesis of the more important findings detailed in the sections that
follow on individual minerals is given here, Attention is focussed on the miner-
aldgical relationships of petrovlogio signifiocance especially in regdﬁd to the
mode of origiﬁ of the rocks and the complex es & whole, The reader is referred
to the sections on individual minerels for the evidence on which these findings
are based, the data and method of investigaﬁion,'and for Qlarifieation of ques-
tions concerning the petrographic relations of any given mineral., A particularly

- lengthy treatment of the péoblem of serpentinization is given in the section on

._ueréentlne, and some data én the problem of coronas is'givan in the seotion.on

" " ooronas and ooroﬁiteg, pages 134 to 138 .
| 0livine is a major component of the peridotitic rocks of the complex ;nd is
preaaﬁt in some facies of every major rock unit. More than any other phase its ‘
variation in composition supplies e unifying thread throughout the complex. 1In
the interior of the dunite core olivine has a composition of Fo90FalO, The fay-
.-alite content 1ncrea;ea near the mergins of the dunite core, and at the major
contact between rocks composed principally of olivine and rocks composed prin-
. oipally of augite the olivine falls in the range Fo87Fal3 to Fo86Fal4. The'faya-
1ite content of the olivine present in subordinate percentages in the olivine ‘ —
augitite ring of the complex has & wide range but tends to inorease with increas- |
ing distance from the dunite core. Beyond the immediate contact between dunitic
and augititic rocks no olivine in normal massive peridotite has a fayalite oontent
" less than FoBbFalb, but dikes and outlying masses of augite dunite and wehrlite

emplaced within the augltite ring have olivine corresponding in composition to




the same rocks in the marginal facies of the dunite core, MNear the outer margins

of the augitite ring the fayalite content of the olivine ranges as high as

Fo74Fa26, but certain wehrlitio faocies of the complex in sharp contact with

granulitized country rooks have olivine with a much lower iron content, averaging
Fo84fal6, This wehrlite contact facles is undoubtedly not fully representative
of an original magma chilled et the contact,vbut i1t may give a hint as to the

reneral character of such a magma if it existed. The g;bbroic pegmatite, olivine
beerbachite, and gabbro range apovo.thg augitite in the faymlite oontent of their
olivine, and in the gabbroic granulite the olivine is a'ﬁyalosidsrita with nearly
50 percent fayalite (Fo51Fa49).

The data on the composition of oliv1n§ are given in table 1 for all specimens
and summarized in table 3. Figué& 7 1; a graphical representation of the rela-
tionship of the percentage of original olivine in the rock to the composition of
the olivine, In this figure the peridotitio rocké are distinguish;d from the
feldspathic rooks by separate symbols,.and the eomposition of olivine correlated
with the presence of other phases and with oe:tain parégenetié relationships is

noted along the margin. Figure 8 shows the data on the composition of olivine

 plotted apgainst the relatlve distance inward or outward from the major contact

between rock in which olivine is thézﬁéjdb constituent and rocks in which augite
is the major constituent, This graph covers only'the poridotitio'part of the
complex., Different rock types are designatod-by separate symbols and a trend
line has been sketched on the graph to show the variation in olivine composition,

There is considereble dispersion of values for olivine within the olivine supitite

ring, but inspection of the plotted symbols will show that most of the lower-iron

-olivines are 'in augite dunite and wehrlite dikes cutting the olivine augitite or

in wehrlitio contaot facies. The sketched trend 1ine represents the upper limit
of iron content reached by olivine in normal-massive olivine augitite with in-

oreasing distance from the dunite core,
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Table 3.
Composition of olivine in peridotites of the Blashke Island Complex,
compoaition of olivine

Rock Type | ' " Average v Rmigo

Dunite \ " 'Fo89.6Fal0.8 FoS0Fl0 - FoBB.5Fall.s
" Augite dunite, marginal facies of dunite | Fo87.6Fal2.5 rosomo - Fo86Fal4
Augite dunite, dikes and outlying bodies: FoB7rals FoB8.6Fa11.5 - FoBGFalé
Wehrlite, marginal faciee of dunite . “ FoB6Fald " FoBSFal2 - FoB3Fel?
Wehrlite, dikes and outlying bodies -  FoS6Fald. - . FoBSFal? - w FoBSFal7
Wehrlite, outer oontact facies S . ‘ F084Fai6 .. FoB86.,5Fal3.6 ~ FoB2Fal8

0livine augitite, olivinswrich Fo86Fal5 .' - - FoS6Fald . « FoB4Fal6 .

" Olivine sugitite dikes, olivinewrich = FoB3FlT . FoB3 5Fa16,5 = FoB2,5Fal7.5
‘0livine augitite, olivine..poor : ' FoB2Fal8 ‘F087Fa13 - Fo80Fa20
Olivine eugitite, outer contast factes - 'ro'ramz : Fosnsme.é - Fo74Pa26
Basic pegmatite segregations ', . FoT78Fa22 roalmg ' = Fo78Fa25

Hornfelsed inclusion in olivine. augi‘ci‘ba Fo??.SMZ.B

Hornfelsed inclusion in ga.'bbro fww -~ min. F069¢5Fa30¢8 . -

a

P070.5Fa29.5

Gabbro | e ' FoT3Fa27 . Fo76.5Fa24.8 -
0livine beerbachite dikes ' :. ' .. -FoTTFa28. .  FoB1.6Ful8.5 = Fo76,5Pe23.5
‘Gabbrofc granulite : . .. . . . .. Foblfado . | "

T e WM s 6 camsdeaes i el L
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'-The pararenetic relations of olivine ohange with its change in composition.
Forsteritic olivine ranging up to about Fo85Fal5 and present only in and near the
core of the complex and in olivine-rieh rocks is the first silicate to crystallize
and is subject to replacement by augito. Someplace in the range of composition
Fo84Fal6 to FoBOFa20 and in the nutar part of the olivine augitite ring this rela-
tionship 48 reversed and sugite is the earlier phase, With increasing iron content
the olivine appears later and later in the paraganstio sequence and where hyalonsid-
eritic it is the last major primary silicate phase to form,

Augite undergnes a shift inreomp;aition‘with increasing distance from the
core of the complex peralleling that of olivine, The data on augite is portrayed

graphically in figures 2, 10, and 11. Figure 9 shows the composition of augite

a8 determined from optical data in terms of the major bivalent componente, calcium,

mngnesium, and iron. Figure 10 is an enlarged portion of the same diagram with the

- points indicated by‘symbpls showing the rock type from which the sugite ceme, The

average trend in oomposition of augite from the peridotites, beerbachite and gabbro
ghows 1ittle variation in the percentage of caloium, In these rocks the variation

is mainly the substitution of iron for magnesium, but iron in augite from tho‘gfgn-

ulitized hornfals surrounding the complex renges considerably higher in iron cone

i

tent ahd there is & aubstantiul substitution of iron for caleium, The trend of
variation of augite is summarized in the following table,
"~ Teble 4

‘Average composition of augite in major‘rnck'uniﬁs of Blashke Island Complex.

Atomic percent

Rook ¢ .
= S Ca Mg Fe .
Augite dunite ' 48 45 7 -,
Viehr1ite 4.5 46 96

Olivine augitite, more than 12,6 percent olivine 46.5 44 10.6.
0livine augitite, less than 12,6 percent olivine 46,8 41.5 13

Gabbroic granulite ‘ : 39 - 33 128
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Figure 9 conteaina, in addition to curve A showing the trend of fariation

in augite in the Blashke Island rocks, a second curve, B, taken from Hess (1949,

ppe 621-666) showing the trend of variation in byroxenes from oommon mafic magmes.

. The mafic mapgmas indicated by Hess are gabbroic. The trend shown in the Blashke l
Island augites 1s strildngly parallel but oohcistentlylaboutls percent higher in
* oalecium content, perhaps 1hdioating a fundemental difference in magmad or~prooeasgd

_of differentiation,

'Figure 11 showsthe relationship betwsen the composition of eugite and the
composition of the olivine with which it is assoolated. The paragenetic relations
of olvine and augite have already been summarized., Figure 11 shows that there is
a tendency for the iron content of augite to inorease rapidly with respect to the
increase in iron content of olivine where olivine is the ﬁajor phase, Where
augite is the major phase the olivine shows the more rapid inorease in iron,

Hornblende is present both as a deuteric replacement of augite and as a
primary phase. It is a minor late primary phnaa-in peridotite and an important
primery phase in.snma gabbro. The camposition of hornblehde is diffioult to esti- ‘
mate even with approximato acouracy from.optioal propartiea. However optical
measuremsnts tend to show that hornblende replaoing augite and primary hornblende
are essentially the same, and also indicate that thers is at least a slight in-
orease in the iron content of hornblende paralleling the shift in composition of
olivine and augite., The hornblende is a common hornblende and apparentiy oontain?
appreciable amounts of both trivaelent iron and alﬁmina.

Plegioclase 1s present very sporadlcally as & minor, late, interstitial
acoessory in some olivine eugitite near the outer margin of the olivine augip;to
ring, It is the major phaée in most of the gabbroic pegmatite, beerbachite, and
granulitized country ruck. The plagioclase in olivine nugitite and in gabbroic
pegmatite in olivine augitito is anorthite containing less than 10 percent albite.
0livine augitite 1is in contact at its outer margins mainly with gabbro, but
looally with granulitized country ropks. The plagioclase in gabbro oclose to the




i

olivine auritite contnot is also anorthite,'but in the gabbroioc granulite ;ear .
contacts with peridotite it is a calsoic bytownite, With increasing diatan;o
outward from contact with the olivine augitite ring, the snorthite content of
plaginclase decreases both in gabbro and in'granulito. At the outer contacts of
the gabbro ring of the complex the country rocks are alsn granulitized, but less
intensely than at oontacts with peridotite, The granulite in contact with gabbro
contains a plagioclase about as oaloic as the associated gabbro; and th; anorthite
...contont falls with>diatance from the oémplex. The country rocks unaffected by :
contact witﬁ the complex confain abundant albite and al-6 orthociaso feldspar.
" Beerbachite dikes and inolusions within the major rock units of the oomplei oon= -
tain plagioclase ranging up to the anorthite content of tho'enolosing roek, but
tend to contain a somewhat lese caloic plagloclase. Thssebrelatioﬁships are sume
marized in figure 12, page 70, | | 5

Some date is presented in subsequent sections to show that other minerals

such as hypersthene, biotite, and garnof, playing a less importent role 1ntthe
Blashke Island complex and its accompanying aureole,éf contact mstamorphism,
undergo analagous cbmpositional variations to the variations in the major phases.
Furthermore, new phases such aa‘orthoolﬁse and quarte are added to the complex
in an order paralleling the enrichment of the major phases in their less re-

fractory components from the interior of the complex outward.
0Olivine

0livine is almost ubiquitous in the ultrabasio rocks of the Blashke Island
complex and plays an important role in all the major rock types. A substantial
proportion of the olivine originally present in much of the rock is altered to
serpentine. This alteration may becomplete, leaving only serpentine pseudomorphs
of olivine, or almost absent, but commonly altoratién has taken plece along
fractures in the olivine, leaving angular to subangular shards of completely

fresh olivine enclosed in a network of serpentine.
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Olivine 18 a simple orthosilicate in whioch magnesium and bivalent iroﬁ :
may sul;atitute freely for each other, ()the'r. élemnts such as manganeée, nickel,
. = and titaniun may be pregent in minor amounts; The opf.ical properties of olivine
| vary with the relative proportions of magnesium and iron, partiocularly the'indioeja
of refraction. Graphs correlating the optical propertiesc with chemical compgsi- |
tion have been published by Winchell (1933, p. 191) and Bowen and Schairer (1935,
p. 197). Later work by Wager and Deer (193% pp. 18-25) has confirmed the acouraocy
. of these curves within most of the range of composition encountered in the Blashke
Island ocomplex. Th; oomposition is given in the above references and in this
peper in terms of relative mnlecular percentages of thé pure magnesian end member,

- forsterite, MgsS10,, abbreviated Fo, and the pure iron end member fayalite,

- FepS104, abbreviated Fa. The effects of possible minor amounts of; other ele;nents
is not ocvnsidered, but these are normally not present in significant amounts in
olivine from common peridotites,

The composition of olivine was determined by refractive index.measurements’
. . of olivine in Qgspecimans of rock representing all observed facles of the olivine-

' bearing rocks in the Blashke Island complex. The intermediate refraotive index, Ny,
was- measured and the composition determined by reference to fhe curves published
"by Winohell. These data are given in column 2 of table 1. Twenty of these re-

.fractive index measux;ements were made by the double variation method with an
.acourgay of about + 0,0001. The remaining measurements were made wﬂ;h & care-
fully oalibrated set of index oils with intervals of 0.002. The index measure-
ments made by double variation methods were repeated with these oils and repro-
duced to the third decimal place, so it is believed that the accuracy of the common
immersion method employed is about + 0,001, where plenty of clean material oould
'Ee obtained from the rock, but when only a small amount of partly aerpe.ntinized

olivine could be obtained as in some of the gabbro and olivine-poor augitite the

o:ocurscy of measurement may be no better than + 0.,002 to *+ 0,003,




The intermediate refraoctive udiees measured for olivine from peridoti.tio
rocks range from 1,672 in olivine rron dunite near the center of the oomplax to

1.7056 in olivine from a feldspathio olivino-cugitita at the outor margin oif the

. peridotité oomplex., These indices oomnpond to & range in composition of 90 por-

oont forsterite - 10 peroent faynnto (horea.r'ber givnn, Fo90Fal0) to Fo74Fa;26. .
" The 1ntormediate rorractiw 1ndicos for olivine in the gabbro and- go.bbroie granue "
"lites range from 1, 702 in gabbro in contact with olivine augitite to 1 756 1n
ga’bbroio granulite, This coruspondl to & rango of Fo75.6Fa24 .6 to I"oﬁlFa49 in
' the composition of olivine, ‘_ | " R

Table 3,- page 51, acoompanying the ~summary that preceded this soo‘hlou,: th
that the oomposition of the olivine bears a systematio relationuhip to the rook
type in which it a.ppaars, inoreasing psrcentages of augite being correhted with
mcreasing iron content in the olivine, and thc appearance of i‘eldapa.r as a pha.ae
 oorrelated with relativaliffgn-rich olivino. This relationship is. brought out
" further by figure 7, pe.ga‘ '.thieh shows the percentage of oliv.'mo a.nd sarpentino
derived from olivine plo&.cd sagainst the oonpoeition of the ouv.'ms for o.ll rooh

for which these data have been obta.innd. The presenoo and absence of other phnn

[N

in assooiation with olivine is also notod along the margin of the graph.

Figure 7 shmrs that from & feyalite oontent of 10 percent to a fayalite con- ‘

" tent of 12 percent, chromite is the only pr"igmry mineral besides olivine in the
rock, The ochromite is in small, well-formed ootahedrons and commonly enclosed in
olivine as shown in the photomiorograph, plate 23B. Chromite is not present as
idiomorphic crystals in rocks containing olivine more ironerich than Fald. At a
fayalite content of 11,5 'percent spongy secondary magnetite appears, commonly in
thin sheete in the medial planes of serpentine veinlets, Although traces of augite
are present in some specimens with s minimum fayalitg content, it is commonly
lacking up to a fayalite content of 12 percent. From Fal2 on augite is present

in al) specimens, and Frl2 may be said to be the nlivino composition at which

this phase beocomes an essential oumponent of the rook. At mla traon ‘of oriented f.'

exsolution lamellas or an iron ore mineral ere round in. onv.'mc. At Fall%.5 one




thin section contained a single coarse interstitial grain of enstatite partially )
replaced by augite. The peridotite containing enstatite is in contact with an ’
ausite-plagioclase-enstatite hornfels, and enstatite or hypsrsthene is charao-.
‘teriatio of the surrounding hofnfolses, so that this ooocurrence may be ascribed
"‘to reaction with adjacent country.;ookl.‘ Fal4 marks fho‘upper limitAor iron A
- content in olivine acsociat;d with idiomorphic chromite. At Fal4.5 traces of-
.”flagioclase appear very sporadlecally. At Fal6 olivine orystals are found enclos-
ing rounded grains of angits, and at Fal8 olivine ceases o be found as inclusions
.-in augite. At Fa20 traces of zulfidos'a.rc present in specimens within a few 7feet‘
.of the outer oontacts of the peridotite with gabbro and hornfelsed country rocks.
Olivine has a fayalitelcontent of Fa22 6r above in all rocks 1n.which~;{agiqciale
" 4s a major phage and is commonly later than at least a part of the fbidapar be-
oause rounded grains of feldspar are not scarce as inoclusions in olivine as shown
by plates 24A and 24B, 0Olivine in gabbroic granulite is strikingly poikilitio
and lﬁter than p;agioclaso, augite, and hornblende as shown in platoavle and
23h, e ,
While the compaosition of ths olivine is related to the presence and abundance -;
of other phases, it is also related in at least a or#dely systematic way to-tﬁo
configuration of the complex. This is implicit in the previously desoribed cone
- oentrioc arrangement of rock types which 4s the salient feature of the cumplex.
 ‘Figuro-Q, pege 63, ﬁrings this relationship in the per;dotitio part of the ocamplex
" into sharper fooué.A In figure 8 the composition of the olivine is piottoq as a
~ funotion of position in the complex with respect to the major cﬁntaot between the
dunitic and the pyroxenitio rocks. This contact was chosen as the locus of rofer-
ence because it is the major struotural element of the complex “that. is most
acourately known and vthet best expresses the concentric structure of the complex.
" So far as oan be determined this contact is very steep except for minor irrogulué;
ities, Distance inward from the contaot is plotted as a percentage of the total
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' values.

" olivine in various dike rooks and contaoct facies. The dispersion of_thg ?nt& is

“ . -

distance to a point chosen as near as possible to the geometrical center of the o
dunite core., Distance outward is plotted as a percentage of the total thickness
Ar the outer olivine augitite ring at the point where the specimen was obtained.
Normal peridotites are dis£inguiahed from peridotite dikes, from beerﬁaohite dikes
and feldspathic segregations, and'from abn&rmal contact facies by separate symbols,

Distances from the dunite-augitite contact are expressed as percentages of the
exposed radius of the dunite or the exposed width of the augitite to eliminate to

some extent the effects of irregularities in the exposed thioknesses of these units
which mey be the result of non-uniform dips in the contaots or of actual varia-
tions in thickness. In other words, the position of the olivine in the complex

is given a wvalue relative to the total thiokness of the unit in whioh it occurs,

thus a specimen from the outermost borders of the augitite ring is given the same -

relative position, in this case 100 percent, whether the pyroxenite is 2,000 feet

" in exposed thickness as it is in the southeastern part of the complex, or 500 feet

thick as 1t 15 in parts of the western edge of the complex, However, 4if the same

‘ data are plotted 1n terms of absolute distances from the dunite augitite contaot,

: essentially the same relationships ere revealed with about the same disperaion of '

’

Figure B shows that the rate of ochange in the iron content of the olivine is -

at & maximm near the dunite augitite contact, considering only the olivine An -

the normal peridotite facies. Inward and outward from the immediate vicinity of

~".the ocontact thiz rate of change is more constant except for a sugrestion of an
. inoreasing rate near the outer margin of the augitite. The grouping of valuaa.
.48 fairly good within the dunite and near the contact, but the dispersion of ;;

points becomes quite large neer the outer part of the augitite ring. The curve

" . that has been sketched by inspection to bring out this relationship indicates l

' the approximate upper 1limit in‘fayalite content reached by olivino in normal

olivine augitite. Nost values falling far above or below this curve are for




too great to give this curve more than illustrative significance, but it does

show that the contact between rooks consisting largely of olivine to rocks oone
sisting largely of augite ie marked by an ;brupt increase in the iron content

of the olivine. Reference to the composition of olivine in gabbro and gadbbroioc
granulite in tables 1 and 3 show that thers 1s & further abrupt inorease in iron
content in passing from augitite to gabbro and from gabbro to gabbroic granulite,
Al£hough the change in composition of olivine is more abrupt at the contacts
between major rock units, there is a distinct gradation in oumposition'with;n
each unit, v | o

The data indicate that the olivine in equilibrium at the dunite-augitite

contact has a composition of Fo87Fal3 to FoB6Fal4, and in fact there are no normsl
massive peridotites containing olivine more magnesian than Fo86FalS outward from
thise conéact. On the other hand the data show that dike roocks of olivins«rich
peridotite tend to have an olivine with a composition near that of the average
composition of olivine at the contact, and lower in iron than the olivine in the
'augite-rich rocks in which they are emplaced. In ocontrast the beerbachite dikes -
" and f?ldspnthic segregations tend to have & highor iron olivine than the enoclusing
Arocka and near the maximm in iron content for olivine in the ecomplex, 4Thia.rela-
‘tionship suggests that the beerbachites and feldspathic segregations are. truly
. late differentiates or producte of country rock assimilation, while th@ augite-
~dunit‘e and wehrlite dikes and outlying tabular bodies that are emplaced in the “
olivine augitite ere intrusions derived from the periphery of the imner dunite

[+14) o - 7Y

Further references will be found to the mineralogical and petrological relaw~

¥

:tionships of olivine in connection with ths disoussion of augite beginaing oﬁ

- page 78 , orthopyroxene beginning on page 87 , and plagioclase beginning on
page 97 . Olivine in some of the feldspar and hornblende-bearing rooks is rim-’

‘med by coronas of pale green amphibole, pale green amphibole and magnetite, or
hypersthene and pale greoﬁ amphibble, Other corona-bearing minerals are also

r




present in some rocks, snd coronas will be taken up in a separate section
beginning on page 134,

Throughout the complex the olivine is clear and colorless in thin section
with normal birefringence and dispersion., Average dispersion for 20 magnesian
olivines measured by the double variation method is Nyp-Nyg ® 0.0132. The
olivine is invariably fraotured in the charaoteristic curving, disoriented net-
work pattern. Replacement by serpentine 1s_oohmnn1y pree;nt along these fractures
in olivine in the peridotitic rocke but much of the iron-rich olivine in the
beerbachite, gabbro and gabbroie granulite is very little serpentinized. The |
boundary between serpentine and olivine is cormonly smooth and sharp and the
walls of the fractures are sensibly parallel ewen though the original fractures
have been widanad by replscing serpentine to such an extent that the volumes of
serpentine in the rock is commonly greater than the volume of unaltered nlivino ‘
in the peridotites. Replacement by serpentine may, however, etch the walls of
the fractﬁres in a sawtoothed or scalloped fashion.

In addition to the ourving fractures, much of the olivine seen in thin sec=

_ tion has distinct but imperfect cleavage parallel to (010), and some seotions show _

relatively rare, very straight, hair-line cleavege traces parallel to (001).
Serpentinization does not follow these cleavages to a noticeable extent.

¥any sections of olivine also show strongly oriented inolusions or inter-
growths in the form of thin lamellas in the (100) plane. These inclusions are
of two kinds; very thin, opague graphic intergrowths of ore, possibly magnetite
-or ilmenite, and even thinner rectangular plates of a deep brown, isotropie f
mineral, +thot may in feot be an ore mineral in such thin plates that it is traﬁa—
lucent. The thickness of these lamellas is on the order of 0,01 mm or less, In
the (100) plene, that iz to say, in plen, the opaque intergrowths form intricate,
lobate figures reminiscent of Chinese or Hebrew written oharacters. This graphie

character is ocsused by a tendency for the npaque mineral to grow in narrow lobes

»
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elongated parallel tv the b-axis and to the trace of the (021) plane, while
perpendicular to the plane of growth, that is, paralle]l to the a-axis there is
virtually no growth. A band of graphie intergrowths of this type is shown cross-
ing an olivine grain in plate 25A. The traﬁalucent brown lamellas are sharply
rectangular in outline parallel to the b and o-axes and distinctly elongated
parailel to b, They also show a faint streakiness in color parallel to b, No
traces of these intergrowths wero.found in olivine with an iron content lower
than Fal3. They are oommon in olivine richer in iron in the peridotits, but not
in the gabbro and gabbroioc granulite. In some sections the olivine in a narrow
zone surrounding these intergrowths exhibits lower birefringence, Thé olivine
shows no evidence of open fractures or any sort of latent cleavage or weakness
in the plane of the intergrowths. The intergrowths are dlearly primary and not

introduced. They antedate serpentinization, shown By the fact that delicate

‘lamellas pass through veins of serpentine from one fresh fragment of an olivine

crystal to another with uninterrupted pattern and continuity.

Lameller inclusions of ore with similar orientation have been reported by
Wager and Deer(193¢, pe 21) in the Skaergaard complex in olivine ranging in faya-
lite content from Fab9 to FeS7. They were not present in olivine of P36, Wagner
(1929, pp. 65-89) reports the seme phenomena in an Fa48 hortonolite from the

Bushveld Complex. In both instances they were described as inclusions, suggest-

ing that they had formed prior to or contemporaneously with the crystailization

of the olivine, The delicate nature of these lamellas, their control by erystal-

lographic directions in the olivine, and the lesser birefringence noted in some

»

. graine in & zone eround the intergrowths indicate that they are the result of ex-

solution of en iron ore mineral. ,

Two maoroacopio features of the olivine are of great structural significance
in the peridotites. Although practioally all graine of olivine are shattered into
numerous shards and partially replaced-;long the fractures by aerpentino,jtho

-
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f and gabbro, and birefringence is not extrems or anomalous, Diallage parting is

76

several fragments of each ;>livine grain commonly preserve a perfectly uniform
optical orientetion, proving that the fracturing and aoépentinization of the
olivine was neither accompanied nor followed by very appreciable flowage or
deformation in either a solid or semi-solid state., This oonolusion is further
strengthened by the fact that the very delicate graphiec intergrowths described
above may be observed in many instances passing from one fragment of fresh olivine
to another through a vein of serpentine with no evidence of displecement or dis.
tortion, ' , _

Serpentinizu.t?.on appeare to have besn an entirely statie‘ﬁrocese of voiumo
for volumse replaco@nt entirely subsequent to emplacement of the roek, The |
volume changes, if any, attendant upon serpentinization must have been taken up
by the utilization of the .space within the rock ooeupied by linterstitial fluids

~ used up in the process of serpentinization. In view of the granular character

of the rook and the cracklsd habit of olivina this source of spaoce may suffice

]
*

c 'for whatovsr volume ohange that took place. , ’A N RUCR T

Augite

§ .

Megagoopically the augite varies from light, clear green to dark bottle

_green, It is colorless and non-pleochroic in thin section in all of the perido- .'

titic rocks, but has a faint blue-green tint in the beerbaschite, gabbro, and gab-
broio granulites. An iron-rich augite in granulite (specimen 368, item 164,‘
seotion 22, table 1) is pale 1avander-pink in color and has distinot dispersion

AOV" of optic axes B with week dispersion of optic axis A, Dispersion is weak

" on optic axis B and not discernable on axis A in the augite of the peridotité

. present locany and in some slides augite both with a.niw:lthout evidence o!‘ diallage

§

parting is present without any apparent difference in othor properties. “.‘
Hess has recently published charts oorralating the optical properties of
common olinopyrozenos with their chemioal oonpoaitions(ﬁen, 1949, PP. 621-666).

-
i

Professor Hess very kindly suppliad the author with preliminary copies of his

“
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charts long in advance of publication and they have been used to investigate

the variations in composition of the augite throughout the complex. The compo-
sition of common augite varies prinoipally by the substitution of magnesium,
calcium, and bivalent iron for each other and is expressed by ﬁegn in terms of
the relative atomic peroentages of these three elements. This is somewhat dif- '
ferent than the oommon procedure of giving the composition of olinopyroxens in
terms of caloulated end members: olinoenstatibe, wollastonite, and ferrosilite,
or diopside and hadeﬁborgite. However, the basic information oconveyed by the

two methods of representation is the same, Thie proosdure neglects the effesot on

optical properties of other elements usually present in pyroxene to a emall extent,

- mainly sodium, manganese, nickel, aluminum, trivalent iron, chromium, and titanium, -

Hess states that trivalent iron in appreciable quantities gives aug\ito distinot
greenish tints, while titenium produces purplish tints, The substitution of

" aluminum for siliocon reduces the birefringence. The augite of the Blashke Island

peridotites is colorlesé and has normal birefringence, but the augite in the

gabbro and gabbroie Mliﬂ‘ is faintly oolored and probably contains appreciable
trivalent iron and titenium, Sodium is conspicuously low in the plagioclase asso-
clated with the compiox. "On the other hand, chromite is a common accessory in the
olivine-rich portion of the complex, and chromium may be present in' the augite of
the peridotites. Hess states that chromium emters into the oclinopyroxenes of

igneous rocks in the amount of 1,1 percent wWith 7.0 percent Fe, and falls to

nearly zero at 13 percent Fe. This is the range of composition in whieh much of

the Blashke Island auglte tends to fall. Special provision is made in his oharts .

‘for the effect of ohromium in this range of composition. Tharefox;e it séex:ns,'ulid
: ‘to assume that the determination of the composition of augite from its optical
.propert:les by the use of Hess' ocurves will give close approximntions of the true
. .‘oomposition with the addition of up to about 1 percent ohromium. The validity
l of this auuxgption‘ is confirmed by the analyses of oli;rine augitite and wef_trlito

whioh are in go.odAagrnnent with the chemiecal compositions caloulated from. the -
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modes based on optical determinations of the composition of the augite,
The intermediate refractive index (Ny) was determined for the augite in

+

105 specimene of roock representing all the prinocipal rock types within the

oo;nplex. These determinations were made with calibrated oils at 0,002 inters
vals and are believed acourate to about ¢ 0,001, . ‘ . ..
2V was measured with a universal stage nn-§7 specimens, Only se'ots.ona. of
augite in which the acute biseotrix was nearly vertloal and both optio axes cou‘.ld'
be brought into the axil.ot' the miorosoope were used. The refractive indices of
the. pyroxens ranges from 1,679 to 1,697 with most values falling near 1.686.
Hemispheres of refractive index 1,649 were used on the universal stage. No
measurements were made requiring inolina.t';ions of more than 38 ﬁegrees, so that
corrections for refraction betwsen hemj.spt‘mres and mineral were not large,
' usuelly less than 1 degree. Values that departed appreciably from the normal
values for other specimens with the same refractive indices were ohecked again
_and were generally found to coincide with the first determimation within +1/2
dog;'oe_so that the dispersion of values found in 2V is believed to be, in part
at least, due to variations in compositioh of the pyroxene,

The optieal data ‘and the composition of augite derived from the deta are
given in column 3 of tabls 1 for ell specimens measured..

The oomposition es determined from Hess' ocurves by refractive index and
optic angle measurements is plotted in figure g,ifg:raasnl’l specimens for whioch both
properties were measured in the Blashke Island complex. Figure 9 corresponds
in arrangement to plate 1 on page 634 of Hess' paper referred to above. A
second figure has been prepared on a muoh larger scale (fig. fq;f Gsh(deg only
the sedtion of‘ the diegram in figure 9 in which most of thes values fall, On the
second diagram the points are denoted by symbols that indicate the rock type in

whioh the augite vocurred. These points establish a fairly welledefined trend

in the ocompusition of augite throughout the ocomplex. This trend has been indicated
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by curve A which has been drawn through the pointe by inspection. The trend

as indicated by ourve A shows very little variation in the caleium content except
in the iron-rich augite of the gabbroic granulite., The principal trend is in the
ratio of iron to magnesium and falls near the diopside-hedendbergite line. An
unusual dike rock cutting olivine-augitite, specimen 390, item 103, table 1,
previously described on page 40 , consists ;uf augite and Qecondary andradite
‘garnet, This augite had the lowest refractive lndex of any measured., The composi-
tion of the augite in this rook is indicated by the symbol Aax in figure 10.

The symbol Da? indieates the composition of .a.ugi*be ag determined in a specimen

of sugite-dunite containing only 4.6 percent of augite (specimen 179, item 26,
table 1). The augite in this rock had the lowest refractive index of any measured
in the normal peridotites of the complex, but unfortunately only one rather poorly
oriented grain could be found in thih section from which to measure 2V so that
this value is In doubt. Specimens Aax and Da?, both with low refractive indices,
have relatively high values for 2V and suggest a trend‘tmrd the composftion of
. | pure diopside rather than a continuation of thé trend indicated by ourve A toward

a calcioc endiopside at the low iron end of the series. However the probeable non=

magmatio origin of specimen 390 has been pointed out on page 41 ,
In addition to curve A indicating the course of variation in composition of

the Blashke Island pyroxenes, a second curve (B) has been added to figure 9 .,

Thie ocurve is the ocurve given by Hess for the‘ normal trend of orystallization of A
olinopyroxenes from common mafic magmas., Curves A and B are nearly parallel, but
ourve A indicates that the augites from the Blashke Island peridotite systematically
contain about 5 percent more caloium and 5 percent less magneeium than the augites
’ o from normal mafic magmas, which brings them nearer the diopside~hedenbergite line,

| An inspection of t.}. - analyses given by Hess shows that the augites which fall

along the normal curve given by him, that is, the augites with 40 percent more or
less of oalcium, are mainly derived from gabbro, norite, diabase, and related x;ooh.

. On the other hand, the snalyses of more calsic augites cited by Hess ars from a




variety of rocks, including websterite, bronzitite, anorthosite, syenite, and
skarn. This sugpests that thoj normal trend in ohange of composition during
crystallization of augite in basaltic magmas is distinctly different from the
normal trends under a variety of other conditions. The displacement of the trend
of crystallization in the augibé.of th; Blashke Island peridotite from the trend
shown by basaltioc mapgmas may be one indication that éhe'petrogénetic proocesses or
';the magmas involved have fundamental differcnces }van though some of the end '

products such as the gabbroioc rocks are potrographioallj similar.
The trend in composition of the augite in the Blashke Island coﬁpléx is cor-

* related both with the‘trend toward inocreasing iron content in the olivines from

the core of thé complex outward and with relative abundance of augite in the rook.

Figure 11 shows the percentage of iron in augité plotted.againat the fayalite con-

tent of olivine in all rocks in whioh both have besn determined in the peridotite

pert of the complex, Where only the refractive index of augite was measured the

" oomposition has been determined by the intersection of the refractive ‘index curvoa 

given by Hess with ourve A of figure 9, The correlation is far from perfect but

" pevertheless distinot. The various rook types and modes of oocurrence represented .

by the specimens are denoted by separate symbols. A tendency toward grouping of

_ like rock types together 1s notioeable in the normal peridotites, while the feld-

spathic peridotites, dike rocks and_oontact facies of the peridotites are more

wide-ranging. Inspection of the data in table 1 shows that the composition of the

augite is correlated with distance inward and oubvard from the main dunite aupitite -

conteot to a lesser degree than olivine. It tends to fall within a ocertain range

g for each rock type without much rol;tionship to the distance from the contact,

f‘exoopt to the extent that the rock types themselves have a concentrioc arrangement, ‘
- A ourve hag been drawn through the.points representing the averape values for

the iron content of olivine and eugite of the various rook types shown in figure 1l

Although the individual values plotted on this chart show considerable dispersion,

_ the average wvalues fall close to a gmooth ourve, It is probable that'bpsorvptional )

%




errors somewhat accentuate the dispersion of the individual points and that the
averapges are more representative of the true trend than the ralatiﬁn degree of
dispersion would suggest. Furthermore the dispersion of values 1s greater in the

dike rocks and oontaot facies than in the normal peridotites. This curve is inter-

. esting in that it has a sharp change in slope in the region where olivine has a

faynlite oon‘tant of about 13.5 percent, This is the average value for the feyalite
content of olivine at the contact between the olivine-rich and the augite-rioch

- rookse It indicates that within the olivine-rich rocks the composition of the

augite changes steeply with respect to the composition of the olivine, while in the
augite~-rich rocks it is the olivine that undergoes the greater composition change.
There is also a suggestion in the data that as olivine approo.cixu 1ts maximm iron
oqntont in the outer contact facles and gabbroiec differentiafes the composition of
the augite undergoes a more rapid trend toward a higher iron content. These feh-
tionships point toward the idea that the contacts between the major rook types in
the complex and the conoentric' errangement of réok types result from shifting chem-
ioal equilibrie rather than that they result from entirely mechanioal processes of
intrusion or differentiation.
The correlation of iron content in olivine and pyroxene in the complex is

oontinued in the gabbro and gabbreic granulite, data for whioh are not shown on

figure 11 owing to the extreme wvalues for iron content in olivine and augite in

some of these rooks. O0livine in the gabbro ranges up to Fa29.,6 assoclated with an

augite containing 16.5 peroent Fe, and in the granulite an olivine with 49 percent

‘fayalite is associated with an augite containing 27.5 percent Fe. However ths highe

est iron augite found in the complex is in the olivine-free nodular inclusion in

" specimen 280, item 169, table 1, with sn iron content of 37 percent. The matrix in
. which this nodule is embedded contains a very high iron olivine (Fad7), but the ‘

augite in the matrix carries only 18,6 percent Fe, Biotite Ls present in the matrix

;_\and not in the nodule. If the nodule were originally e osloa.reoualfou‘il, ooncretion,
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pebble, or amygdule, this relationship mey indicate that a high-iron olivine
formed in the matrix because of a deficiency in caloium and that where caloium
was in high concentration all available iron ﬁns used up in augite without the
formation of a non-calcio phase, partioularly if the matrix were origi.nalljr
argillaceous so that extra alun;ina'waa present to combine with awveilable caloiwm

to form plaginolase,

Augite is not found or is present only in minute traces in the central dunite
core of the complex, Within a few hundred feet of the main contact between the
olivine-rich rocks and the pyroxene-rich rooks, streaks and patches appear in the
dunite containing a few percent of augite, From the point where pyroxens first
appears near the margins of the dunite it tends to increase in abundance outward,
but the increase is not everywhere uniform, giving the marginal areas of the dunite
a a‘&reaky to mottled aspect. The contaots between the pyroxene-bearing marginal
facies of the dunite core and the pyroxene-rich rock is generally relatively sharp;
in some places it may be an actual surface of disoontinuity with olivine-augite on
one side and augite-dunite or wehrlite on the other, it may be the locus of some
shearing and minor displacement, or in other places it is sharply gradational with
'pyroxene inoreasing from a minor to a major percentage of the rook within a few
‘inches or feets An eltogether smoothly gradational inorease in pyroxene is not
characteristic. '

Some contaots between olivine-rich rock and pyroxene-rich rock give the ime
pression that there has been an intimate interdiking and admixture of the two roocks
along the oontact. Tongues of augite-dunite or wehrlite a few inches wide pass |
out into the olivine augitite and gradually become wispy and indistinet through
an admixture of pyroxene until they disappear. Stringers of rock containing a
relative abundance of pyroxene form apophyses into the augite~dunite or wehrlite
~and gradually fade into the onﬁioaing roock by diminishing pyroxene oontent; ‘Some
of these bodies seem to be merely streamers of loosely aggregated pyroxene orystals

rather than discrete apophyses. Inolusions of coarse to fine granu‘la.r Ppyroxense
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are common in the contact facies of the dunite. These inclusions range in size
from small, rounded clots of pyroxene corystals a few inches in seotion to large
rounded masses 10 to 15 feet in section, In texture and ocomposition they range
from granular, fine-grained masses of pure augite to olivine-rioh pyroxenites with
coarse-grained, almost euhedral augite and interstitiasl olivine. Dike-like bodies
of coarse pyroxene are common in the contact facies of the dunite and oconsist of
disoriented augite crystals, commonly as large in c¢ronss section as the width of
the dike, A pyroxene rich, g:annlar wehrlite, richer in olivine than the typiocal
olivine-augitite and poorer in olivine than the typiocal wehrlite and auglte-dunite
of the contact facies of the dunite, is locally present in indistinot masses along
thQ contacﬁ, sending apophyses out into both major rook units so thet the same
body outs across the cantact to form an olivine-rich dile in the pyroxemitic rook
and a pyroxene-rich dike in the olivine rock. These bodies are small and their
1imits and forms are indistinct and gradetional.

Where pyroxene first appears in the marginal areas of the dunite its relation-
ship to the olivine is dompletély interstitial, This interstitial relationship is
charaoteristic in all‘the rocks classed as augite dunite, In dunite the colivine
forms & moseio of more or less equant érains wﬁioh tend to show some faint sem-

" blances of orystal form in spite of mutuel interference., WVhere pyroxeme is present,
the tendency of olivine to display crystal forms is acosntuated, and the pyroxene |
ococupies interstioes between somewhat bluoky.olivine greins. Areas of pyroxﬁne
.'representing a single orystal may be extremely irregular in form with larger areas

connected by narrow necks and outlying areas unconneoted in the plane of section,.

This texture represents an early stage in the develupment of a coarse poikilitie
‘aggrogate oonsisting of pyroxene poikiloorysts enclosing olivino‘as shom in

plate. 18, page 246 . t

With a larger percentage of pyroxene, typified by the wehrlite group, coarse ‘

. orystals of pyroxene enclosing olivine are characteristic, 8ingle orystals ;f

pyroxens more than a centimeter in oross section are not uncommon, and these may

-’ . ¥
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enclose ten or twenty grains of olivine, The olivine grains enclosed in the
augite commonly exhibit distinot orysteal forms, but with an increasing amount of
pyroxene the enclosed olivine grains tend to become roundod. : '
There augite is the predominant minural,olivino ghows no traces of orywtal
form but tends to be deeply embayed and irregular in form, ocoupying irregular
spaces botween augite grains that loocally have a bloocky habit with suggestions of
orystal form against olivine, These textural relations suggest that augite 4is a
late primary, interstitial phase sgainst which olivine is stable in the rooks in
which pyroxene is preseqt in small emount, but that where pyroxene is the dominent
phase it replaces early-formesd olivine, leaving only Airregular remnants of olivine.
As has been pointed out above, this difference in‘rQIationshipa with larger amounts
of augite is accompanisd by a change in the ooﬁppaihldn'éf 0livine toward a more )

iron-rich phase.
Considerable evidence ie seen in thin section to suggest that above a oertain

" range of iron content in olivine the order of e¢rystallization between olivine and
pyroxene is reversed. Augite'is observed encloaipg grains of olivine up to Fal8
in iron content, rarely higher; while olivine is commonly found enclosing augite
grains from en iron content of Fal6 and higher, Photomiorographa of augite and
hornblende pseudomorphs after augite enclosed in olivine are shown in plates 17A
end 178, page 247. Inclusions observed in thin section may be projeotions 1nto the ’
apparently enclosing grein from above or below the plane of seotion, but augite ine-
olusions in olivine ‘have been observed in seven thin sections of peridotitie rook
end in a pumber of gabbro and beerbaohito elides, Therofore the cammonly dbservad“
'intorstitinl relationship of olivine to pyroxene in the olivine augitites, de:oribed
" sbove, may be in part at least due to the later orystallization of olivine. How- }
“; ever, there appears to_bevno doubt that muoh olivine is interstitial to pyrpxeno‘ '
due to having orystalliszed early and having been replaced by ‘augi‘to{ This is |
cﬁrtuinlj triie oflull olivine with a fayalite content of less than 16 poroént."




appears tv be a highly contaminated facies of the gabbro forming the outer ring of

. - the cémplez it is a oharacteristio phase. A few grains were found in a specimen

- the rock and may represont an inclusion derived from without the complex. An

87

Alteration of augite to hornblende is oommon but not extensl ve. Alteration
tends to be more advanced in the rocks in whioch augite is most abupndant, Many
slides of augite-dunite and wehrlite show little, if any, secondary hornblende.
The a.dgite is either quits fresh, or dusty with opaque inclusions, However, in
most augite-rioh rocks the augite is shot through with little scraps and shreds
of secondary hornblende in parallel orientation with the auglte up to 10 to 15
percent of the total augite origina.liy present, Serpentinization has had little
effect on the mugite; in most specimens, none. A few slides sl':uw thin veins of
serpentine outting the augite, but scarcely enough to make an appreciable porcent-;
age of the rock., Hers and there in a few slides a fraoture or ocleavage crack in
augite is filled with a deep amber-brown alteration product resembling bastite,

but the amount of this mineral is negligible.
Orthopyroxens

Orthopyroxene is all but absent within the peridotitic portion of the Blashke

Island complex, In the hornfelsed sediments surrounding the complex and in what

-

of deldspathic wehrlite from a point on the southwestern border of the complex
. where peridotitic rocks are in sharp contact with hornfelses. No grains could be

‘isolated for a determination of refractive index, but the mineral is optiocally

positive with large axial angle and faint pinld.sh pleochroism, indicating that it

_1s enstatite near the upper 1liiit in iron oontent. A small cluster of strbngly B

pinkish, optiocally negative hypersthene grains associated with secondary magnotite

"i1s present in a thin seotion of a plagiooclase-augite~hornblende granulité dike

outting olivine-augitite near 1ts contact with the outer ring of gabbro. This . '

small cluster of hypersthene grains and magnotite appears foreign to the reat.of <

v
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inclusions of hornfelsed sediments displaying relict bedding found within coarse
olivine augitite near its outer contact witil gabbro and sediments contains abun-

. \ dant hypersthene with an intermediate refractive index of 1,687, indioatingia

composition of Eng)Fsyg (Winohell, 1933, p. 218 and Kennsdy, 1947, pe. 564)s It
soems olear that orthopyroxeme is present in the peridotite rooks of the complex
only where there has been contamination by contact with the enclosing sediments,
Orthopyroxene also plays & very minor role as one of the minerals found in
_some coronas around olivine, The subject of coronas and their constituent minerals
will be taken up separately on pages 134-&.

" Traces to fractions of & percent of hypersthene have been found in many speoci-
mens of olivine gabbro as shown by the modes in section 16 of table 1, Muoch of
this hypersthens is preseh'b only in éoronas around oliviné, but & few primary
accessory pgreine are present in some specimens. However, hypersthene can scarcely
be regarded as an essential component of the gabbro, The gabbroic rocks that do

‘ ‘contain substantial percentages of hypersthene are very dublously assipgned to the

. pabbro on the basis of a conventional interpretation of field relations, MNodes
and mineralogical data on two rocks of this kind are given: specimens 3566 and -
230, items 140 and 141, a.ection 21, teble 1. Specimen 366 is from & narrow, ir-

‘ 'regular.dikelet with coarse texture that appears to be an apophysis into horn.f‘elsed.‘
oountry rock from a small body of ooarse gabbro with irregular texture near ountaot
with peridotite on the west side of the complex. It contains 29.0 percont hyper=
sthens and 12.7 percent quartz. Although the texture is coarse, under the microe '
soope it has a distinct orystalloblb.ltio-’granular a#pect, and desplte the' seeming

" intrusive relations of this rock it seems far nore likely that it "repr‘osent;' .
vein formed by raoryé’callization along e fracture in strongly lheated country rock
alded by fluids giveh off by the ultrabasic mass, than that it represents e péeuliar‘- '

- magmatio differentiate. Specimen 230 is simiiarly suspect, It was conooted{a.t a

. . contaoct 'bétween gabbro and oountry rock on the northeast side uf the t;nmploz where '

. irregular masses of hornfelsed omuntry rock seem to be.caught up in a network of '

L3
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strem, indistinct masses of coarse, uneven textured gabbroic rock. The ocontacts
between blocks of hornfels that clearly ksbcw their origin by relict bedding and
granulitio texture and coarse, gabbroio rook are vague and gradational, The horn-
fels seem to pass i..to coarse hypérsthepo gabbro by a gradual change in the propore .
tlons and grain size of the constituent minerals. The same phases are present in '
both, Here again the presence of hypersthene seems to be. ayx@tm@th of conversion
of gabbroio-granulite into coarse gabbro by a proocess of progressive: rocryata.llua—
tion, possibly brought on by partial rusion or solution a.long systems of fractures

aided by fluides from the ultrabe.siu mass,

A

Hypersthene is common in the gabbroic granulites where 1t renges in’ oompoa!.-
tion from En76Fs22 to En64Fs36, Apparently a distinction can be mde Ybetween gebe
. "broic granulites oontaining olivine and those oontaining hypersthene.' The granu-

lites that contain olivine generally contain only traces of ‘hypersthene, and those

" . that contain hypersthene generally do not contain oliﬂm. Both olivine and‘ hyper- . .

"athene are generally associated with a deep reddish-brown blotite. The hypersthene--
blotite mesocoiation apparently represents a somewhat lower grade of iﬁetmnrphim '

. than the olivine-biotite association, because the hyperatheﬁe-biotite rocks pass

- " more abruptly into less -;lterod hornfelses., The presence of hypersthene without

blotite, however, does not seem to follow thie rule because speocimen 363, item 157,
section 22, table 1, comes from direct contact with peridotitel and oonsie'ts essen~
tially of esugite, hypersthene, and plagioclase, while speoimen 368 in the same

| ~ section of tabie 1 was ooneotea about 30 feet from the same contaot and oonh&ins
olivine and biotite. Original composition of the homfelaed rook cortainly oontrola
the appearance of both hypersthsne and olivine to a oonsiderable extent becauxe ‘

' simple augite-plagioclase granuls.tes are of equal rank and intimately assnciated
wi‘bh rooks oontalning olh’lno and hypersthene. . The presonoe of olivine in the
m‘brix but not in the pebbles of a hornfelsed oonglomerate mxggeatc that hypersthene
as well as olivine develop only in rocks that were originally somewhat argilla.oooua. :

"The presence of additional alumina may have used up oalcium to form cal_oio-plagio-

[
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clase, leaving an excess of iron and magnesium that would otherwise have combined

with calcium in augite. Loocally ooarse gabbroic gramulite with irreguler texture

end streeks approaching gabbro in eppearance contains coarse nodules and streaks
of mefioc minerals, Specimen 266, item 153; teble 1, is representative of one of
these mafie nodules, It Qontaina 64.2 percent ocoarse hypersthens with abundent
augite, some hornblende and accessory plagloclase. From the standpoint of mineral
assemblage 1t is a websterite, but if ie found in a nodule in gabbroio granulite
only a few inches in cross section,

The hypersthene ip all the rocks in which it is found is generally somewhat
more altered than either the augite or the olivine, if present, in the rock. How=-

ever, all the minerals 1n-the granulites are generally relatively fresh because
the dense texture of the rock mekes it relativblyyimpervious to attack by fluids.

Biotite as well as talc and bastite have been noted as elteration products,

s

Hornblende

Hornblende is present in the Blashke Island peridotites both as a late primary
phase and as a sscondafy elteration product of pyroxene. It is present, but rarely,
as & primary mineral in wehrlite and olivine augitite end abundantly in the beer-

’ _bachite dikes. A few specimens of wehr11£e and olivine augitite contain scattered
ooarse greins of primary hormblende, entirely»intorstitial to nliiina end inter- .
‘-stitial‘to and partly replaoing augite. In the beerbachite dikes hornblende is
one of the major constituents, ‘It tends to become more abundant ﬁa the feléspnr 4
- becomes less oalcic, olivine disappears, and augite becumes richer inAiron.g Some
of the beerbachite dikes are so rioh in hornblende that they ocan be atqui ﬁorn-

]

blendite. _
‘Hornblende is one of the major oconstituents of the gabbruv, 0Olivine gabbro
and augite-rich gabbro generally contain only ovarse, ragged anhedra of horanblende

enclosing all the other silicates poilkilitically, Toward the outer margine of the
gabbro ring a part of the hornblendg eppears to have erystallized simltaneously
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vith the ocupite and part of the plqg%oclnae, while some is pseudomorphous after
augite and some is later than the other principal silicates.

Hornblende is a principal constituent of inclusions of country rock caught
up in the gabbro and olivine augitite, Some of the inclusions are virtually
hornblendite in ocumposition., In general the inclusions in gabbro have been meta-

morphnsed to & more mafic rock than the host, They commonly contain a larger total

- paroentage'of augite and hornblende than the hoatAgabbro, and a lerpger percentage

of each of these minerals than the host,'but some inolusions show a lesser degree
" of replacement of augite by hornblende than does the host gabbro and the inclusions
thereby heve a lower percentége of hornblende than the host, though exceoding the
host in totel mafites, |
Contaot metamorphovsed eount}y rock éztornal to the coﬁplex does not ccntain'
* “hornblende in eolose prn;imity to contacts with the complex excépt along fractures
‘and shear zones where some late secondary hornblende is looally present. The only '
. hydrous mineral present in the higher ranks of gabbroic granulite is biotite, A
.-, few hundred feet from contacts with the complex hornblende appears along with
biotite in coarse porphyroblasts. In the country rocks unaffested by contact L
- metamorphism a pale green, fibrous amphibole i§ very common and some of the rocks
approach amphibolite in composition,
Secondary hornblende is present wherever pyroxene is abundsnt. It 1s.£;und
in irregular shreds end scraps within grains of augite in the same orystallographiec
orientation as the pyroxene forming the familiar uralitie alteration of pyréxeno.
‘The extent of uralitic alteration tends to be greater toward the outer opntacts ?f
. the'peridotito complex. The augite in augite dunite eommonly-shawa only the sliéht-
ext indication of uralitic hornblende, It is generally present only in traces in
wehrlite and makes an'appreciéblo psrcentage of the rock in 6n1y'n few specimens
of olivine augitite. Some gabbro h#a all but the slightest traces of its original
1augite replaced by hornblende., The properties of the secondary hornblende.in §h1n‘
section are the‘aama as the propartita of late primary -harnblende found'}q the sams

rooks.

'
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369
28
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T oM

A
angle

19

19,6
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1845
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‘18

16

18,6

()ptical data for hornblende

Ny

1,662 -

1,666

1,661

1.650
1.656

1,659

1.658

1.657

1.660
1.659
1.657
1,675
1,657
1,656
1.6567
1.6567

1.641

1,658

1.659

1,666

Table &

Pleochroioc in
shades ofs

Rock éype in vhich found

pale pink to pale green wehrlite

pale green

pale green -
pale.green

very pale yellow

pale green

greenish yellow to green
greenish yellow to green
greenish yellow to green

greenish yelluow to green

brown

yollowegreen

dark brownish green

yellow-green
yellow-green
yellow-green

yellow=green

:vary’pale yellow

yellow to green-

yellow to green

green

wehrlite dilke

olivine augitite inclusion
in wehrlite

olivine augitite
olivine augitite

alteration of anorthite in
gabbroic pegmatite

primary hornblende in
gabbroic pegmatite

gabbroic pegmatite
olivine beerbachite
olivine beerbachite .
olivine beerbachite
olivine beerbachite
beerbachite
beerbachite -
beerbachite .
beerbachite
beerbachite
beerbachite
outlying dike of augitite
’gabbro .
inclusion 1ﬁ olivine augitite
inoclusion in nlivine iugitito.

sountry rock over 400 feet
from oomplex aae

-
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The optical properties of hornblende that have been measured are given in

table 5, Refractive indices were measured by ordinary immersion methods., 2V and
Z angle £ were measured on the universal stage. The intermediate refractive indices
range from 1,651 to 1,657 in the peridotitic roocks, ZV‘rangea from 82°(+) to 84°(-),
Z angle £ from 19° to 21.5° Winchell (1945, ppe 27-51) and Sundius (1946) have
sought to correlate the optioal properties with\the chemioal compositions of ;hs
amphiboles, The complexity of the amphibole group ﬁgkna it difficult to do this
with any great precision. However, it appears from the data given by Winchell that
the hornblende in tge Blashke Island rocks cannot be referred to the tremolite-
actinolite series., The data of both Sundius and Winohell indicate that these
‘hornblendea are deoidedly aluminous with small to moderate amounta of ferrous and
ferric iron, The optically positive hornblende is probably close to pargasite,
and the hornblende with 2V near 30° or negative is probably somewhat fioher in 1ron.'
In the beerbachite dikes and in inclusions in peridotite the intermediate‘
refractive index ranges from 1,656 to 1,660, éV froﬁ 88°(-) to 84°(-), end 2 angle“
.K’fram 18° to 20°, These hornblendes therefore are pfobably Just & iittlo fiohar
- in 4ron than thoee in the peridotites. The hornblende in gabbro corr;spondu in
. rang§ of properties to that in the beerhachite dikes and the inclusions, except
* that some hornblende in gabbroris pleochrois in strong brownish-green to brown.
A fow small dilkes outting olivine augitite have a coarse, pogmatitio toxture
| with elongatad orystals of hornblende up to several inches in length growing in.
ward from the walls toward the center forming the so-called comb structure.f Speci-
.men 205, item 110, table 1, is representative of these dikes and contains a:horn- :
blende with Ny = 1.676 and pleochroic in shades of very dark brownish greon: Thise
_ hornblende is probably much richer in iron then that common in the cbmélex;:' N
Several rocks oontain an amphibole belonging to the tremolité-aotinoliée
. series, In some of the basic pegmatite segregations and dikes oaloic.plpgiéclgse '
i; partially replaced by & very pale green actinolits. An outlying dikn‘of:pyrox-

enitie: composition, specimen 278, item 116, table 1, oontains & ferriferous’

i




. oryctalliziug dikes and aegregationa. . s

tremolite with Ny = 1.641, Z angle £ £ 15°, and a moderate negative optioc angle. .
X 48 colorlese and Y and Z are very pale yellow, |

An unusuel variety of hornblende is present in several specimens of wehrlite
and olivine augitite as a late primary phase partimlly replacing augite (photo-
miorograph, plate 18A and specimens 133B, 361, and 362; items 45, 89, and 88;
table 2), This hornmblende 1s in large, olear grains, same of whioch are distinctly
pleochroic in pint ~r reddish-brawn and others in pels, olaar green. A few grains
shade from pink pleochroio eolors %o green with eogplete optical and orystallo-
graphic continuity. The pinkish pleochroism is exactly like that observed in
hypersthene and where the hornblende cleavapge angle i1s not apparent the mineral
may easily be taken for hypersthene. The optical properties ;ra Ny = 1,661, 2V =
 82°(+), 2 angle £ ® 19°, It is probably near pargasite in composition,

The appearance of an aluminous hornblende as & primary phase late in the
orynéallization of the ultrabasio roocks of the complex and #s a secondary aitera-'

+.tion product parallels the appearance of plagioclase feldspar and indicates that

a very small amount of alumina present in the original mﬁgma or derived by contam-

ination from aluminous country rocks was concentrated in the late-crystallizing
‘frection and mainly in the outer margins of the peridotite. The trend of the '
probable tenor of iron in the hornblende also parallels the trend in iron oontent

’4n the olivine and augite toward the outer part of the oomplex and in the late-

Biotite

Biotite is of negligible importance in the peridotitic rocks of the complex., -

| ~ Some of the gabbrolo pegmatite bodies in the olivine augitite contain & little

" biotite, and some of the beerbachite dikes outting olivins augitite have traces
of biotite., Biotite is present only in traces also in the gabbro, the larpest
modal percentage found being l.4 perocent in specimen 14, item 135, table i, {rom

an extreme marginal facies of the gabbro. Biotite in.the gabbro tends to be
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altered to a bleached, pale, ysllowigh-brown mineral.

Biotite is one of the principal phases of moderately high rank to medium
rank pabbroic granulites. In the higher ranking grannlitea it 1s éommonly asso-
ciated with an iron-rich olivine or with hypersthene, and in these rocks it is
the only hydrous phase present. ﬁiotite.is abundant in granulites of mnderate
rank either as the principal dark mineral or associated with a green hornblando.»

The biotite in the rocks of the complex is pleochroic in reddish-brown and
is somewhat stronger colored in the gabbroio granulites than in the gabbros or
gabbroie pegpmatites., Biotite from a gabbroio pegmatite in the olivine augitite
ring of the complex, specimen 233, item 101, table 1, had an intermedlate re-
fraotive index of 1.612. Blotite from two specimens of'granulite, one of moder=
-ately high rank containing olivine, specimen 280, item 15§, table 1, from the
near vicinity of & contact with peridotite, and the other, specimen 232, item
169, table 1, from a quartz-hornblende-adularia granulite about 400 feet from
contact with gabbro, had intermediate refractive indices of about 1,635. Aoccord=
ing to the opticai data published4by Viinochell (1933, p. 274) these biotites would
.110 toward the magnesian side of the series from potassium-megnesium to potessium-
;iron biotite with the blotite in the granulite 16 to 20 percent higher in irén

" than the biotite in the gabbroic pegmatite. S

. -

Garnet

Garnet was found in the ultrebasio part of the complex in one unusual dike
" rock, specimen 390, item 103, table 2, previously desoribed on page 40, - The
:dikn roock coneists essentially of modérately coarse diopsidio augite and smlle
grain;d granulaer garnet in rounded grains without crystal form, Thovgarnot is
. - disposed through the rook in clusters eround the margins of eugite grains an@
. enclosed in ngite (photomicrograph, plate 20B). It appears to have forﬁed ;

partly as a replacement of augite. ' L
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Both the garnot and the augite are almost oolorless in thin section and hand
speciiren and the rock is almost white with a faint greenish tint in hand specimen, *

Except for the heft it might be taken in the field for an aplite. The refractive
index of the garnet is considerably above 1.8&, the highest immersion medium avail-
able to the author. An X-rsy powder pattern gave all the oharacteristic lines of
garnet, The unit cell dimension, a, ™ 12.00 £ 0.01, Aocording to Stockwell

(1927, pp. 327-344) this oorrospondg to an almost pure andradito; basF32813012, :
-oontaining about 5 to 8 percent of other garnet components. An analysis of the
rock 1s givan.under column M of table 2, The rock has the highest calcium cone
tent of any analyzed roock in the complex; and the 1ro& contenﬁ compares with the?
other peridotites. | ' ‘

The olivine augitite in contact with the dike contains no gérn;at and shém'

no sign of alteration except for mioroscopic sheeted fraotures paralleling the
dike oontact. The dike itself has a very fine-grained granular texture in a zone

© along the contact and here contains a little plagioclase feldspar. It aisé oontn.ina_'T

;'cpme inclusions of serpenéina that appear to be pzeﬁdomorphic after augite;'xTaward

‘:the center, the dike beoomes coarser grained. The origin of the garnet apéeara to

be related to the crystalliring of the dike and not to externsally 1ndncéd alteration¢‘
Another ocourrence of garnet was noted in a felsitid rock, probably origi&ally'

Aan andesitio lava flow, specimen 500, item 164, table 1, that has undergone mild :

" contaot metamorphism at a distance of about 5§00 feet from an outlyinglmnss of

' gabbro and about 1,700 feet from the main mass of the oomplex on the west side of .

the oomplex, The rock contains numerous nodular light greenish-gray maaa;a with

coarser texture from a fraction of an inch to an inch and one half in oross Qiction.,d

" These masses are probably reliots or.amygduloa filled with zeolites or‘onrbon;tos, |

" although they may be of some other origin. They contain a oolorless garnet with a

refreotive index of 1.77 elong with augite, zolsite, and plagioclase. It is brobably‘

* & garnet in the grossularite-andradite series relatively near grossularite in

-

composition,
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A narrow irregular dike with coarse gabbroib texture cutting a hornfels in-
clusion ln gabbro consists of caloic plagioolase, augite and large prains of a
dark cinnamon brown garnet that is deep golden yellow in thin seotion. The re~
fractive index of the garnet is well above 1,83, This dike is a oouple of inches
wide and has the relations of.an néopﬁysiﬁ from the gabbro enclosing the'hornfels,
but the garnst suggeaés that the dike is at‘leaet in part derived from reactions

Between oountry rook and fluids from the enclosing gabbro, -
Plagioclase feldspar

Plagioclase is present in the peridotitio’rooks of the Blashke Island complex

only as a sparsely and irregularly distributed minor phase, but is, of course, a
" major oconstituent of all the other rocks of the complex. 'At only one place 1n‘the
complex does a rock approaching dunite .in composition contain any plagioclase.
This area at the northern end of the large elongate island within the central
lagoon of the BlashkéfIslandc ocontains a few squere yards of exposures of wehrlite,
approaching augite-dunite in composition, in which a little interstitial piagio-
_ class is sparsely diaeaminatod. « Specimen 247, item 43, tablo 1, is from this
}ﬁ%;lootlity.‘ ﬂaar the outer parts of the olivine augitite ring small patches of rock

' oontaining streakn or ianlated interstitial grains of plagioolase are not unscommon.
. . Specimens 215,i216, 122, and 364, items 81, 83, 92, and 93, table 1, are repre=-.
santa£1va Qf this facies of the olivine augitite, At one place on the western

‘border of the complex an unusual facies of the complex oonsisting of a feldapathio

y wahrllte oontaining 12,6 percent of an unidentified alteration produot derivad

- from plagioclaso is in oontaot with country rocks (specimen 362, item 88, table 1). i
In all of these peridotitio rocks the plagioclase is extremely oalcic. Detormina-
tion§ of composition by refractive index measurements, extinection angles, and tho

T univarsal stage range from Ab4An93 %o AbgAngse The plagioclase in these rooks is

not zoned.

'_Tha.olivinc augitite member of.the ocomplex also conteins sporadically dis-
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tributed, small, irregular masses and dike-like bodies of onarse feldspathioc
rook with a pegmatitie textqre a8 described on page-41 and pictured in plates
' 7, 8, and 9, These pegmatitio rocks ocontain coarse, unzoned anorthite grains up
to an inch in oros. seotion and thoir range of composition is the same as that
of the disseminated anorthite in the peridotite. Speoimens 335, 244, and 233,
items 99, 100, and 101, table 1, are from ultrabasioc pegmatites. Flate 24B is
a photomiorograph of coarse olivine, Fo77.,5Fa22.5, enclosing anorthité,-Ab4An96,
~and plate 26B shows olivine of the same composition enclosed in anorthite of the
 same composition in the same specimen (no. 244, item 99), There is no trace of
‘reastion between the two miﬁorals. . '
Pi;gioolase is one of the essential minerals of the beerbachite dikes that
~ are found cutting the oiivinn augitite and in these rocks it ranpges in composition
from Ab6An94 to Ab25AnT73. In olivine gabbro very near the contact with the perido-
titioc core of the complex the composition of the plagivclase is appfoximately the
same as that found within the peridotite, but away from the conteot with peridotite
the albite onntent of th§ plagiooclase tends to inoreese systematically with dis-
tanoe from the peridotite both by an increase in the mintmm albite oontent of the
" inner zones of plagioclase and by a greater tendency toward zoning with more sodie
outer shells., Finally near the outer margins of the thicker parts of the gabbro
ring a 1ittle pure albite appears in outermost zones as shown by specimen 101,
item 134, table 1, from the gebbroic portion of an intrusion breccia ;c the outer -
_gabbro wntaot. The same fairly systematic shift toward a higher albite content
"with distance away from the complex is shown by the plagioclase in the gabbr;ié' ‘(
granulites. Albite is common in the country rooks unaffected by contact with the
. complex. |
Data on the composition of plagioclase is given for all rock specimens in
which it was measured in teble l. Figure 12 is a schematic graphioal repreeonta;
tion of the relationship of the composition of plagioolase %o the configuration

of the complex, and shows the trend toward higher sodium content with distance




from the poridotite. Within the peridotite the ocomposition of the plegioclase
is virtually oonstant except for the beerbachite dikes of gabbroic composition.
A line has been drawn on the chart by inspection to show the approximate trend
in composition of plagioclase in the major :ook units of the complex, beerbachite
dikes and inclusions exoluded. .

Plagioolase is later then augite in all rocks in which augite is the most
abundant phase, but earlier than augite where augite is subordinate, Pbikilitic

plegioclase enclosing augite may be observed in augite-rich rocks and poikilitic

augite enclosing plegioclase in augite~poor rocks, An example of coarse poikilitio

plagioclese is seen in plate 27A. Plagioclase iz later than'olivine where the
olivine oontains less than about 20 percent fayalite, but highly calcic plagio-
olase in contect with more iron-rich olivine has the samglambiguous relations
observed between iron~rich olivine and augite. . Both olivine and plegioclase are
observed enclosing each’'other in the same speoimens as shown in plates 24B and

26B. Coronas between vlivine and plagioclase are found in some beerbachites and; .

_olivina-gabbros,'but not in others, and the discussion of coronas will be reserved

for a later section, pages 1348,
Megasoopioally all of the plagioolase is chalk-white in color. Under the .

mioroscope 1t 1s colorless and commonly perfectly olear. Twinning is varied.

* Manebach, pericline, parallel and complex twinning have been identified with the

 universal stage. Albite twinning is the most common, but all the other kinds of

twinning combined are probably as frequent as albite twinning. Twin lamellas

_tend to be very coerse. The highly calcic plagioolase is virtually unzoned but

zoning is pronounced in the intermsdiate calcic plagioolase in gabbro. Zonihg is

absent in the plagioclase in gabbroic granulite,

In some rooks plagioclase has undergone alteration to a ocompletely isotroplo

~ mineral witHout distinetive structure, form, or cleavage. In oil ;mmsfbloha the

grains of this material are ragged and weakly translucent as though it were an



. Leuoozene is commonly auocio.ted with the nnidenti.ﬁed i.antropio subatance. In

_table 1, collected about 500 feet ipward toward the oenter of the gabbro in: the L
L7 same general aector of ths gabbro as specimen 14. The rock has typical coa.rse
- go.‘nbroic texture and the aa.nidine along with quarts oooupiu angular 1nberst5.cea

"‘betmson tho other primry minerals, The sanidine is clear and colorlou, amll

amorphous aggrogaio. ita refraotiﬂ ipdex appears to range from about 1.568 to
1.66. It has not been identified, but it may be ool.loidal alumina hydrate,
Another common alteratiim produot 4s leucoxene in an c;paque to brdvmish crypﬁ-
crystalline aggregate that 1s white in roflected light and in hand apeoimen.

*

the ga.bbroio rooks plagioclase is commonly fresh, b\xt 1ooa11y aaunsuritizod.
: Al'bora.‘bion to prehnito and heulandite has also boan no'bed. Plagioolaao i.s co:mon-

ok
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. "ly unaltored in the gra.nulites. S e ERE T $ L

4

o ‘ - ,Or'bhoclase f‘eldsp_ﬂ'_li:‘

Orthoclase is .e;é?krex‘no!_ly( soarce in the Blashke Island complex, In one Qpeoi»

men of the outermost facies of the gabbro, 3.8 percent interstitial eanidine was

: fo@d. This rock (speo;i.mn 4, item 135, .table 1) was colleoted at the outer margin .
of the gabbro ring at. its widest puint in the nor;hheas'c sector of the compl;x. ;
‘. The rook, as shovm by the mode and mineralogiocal dato. given in tabdble 1, 1: actue.lly
e hornblende diori'bo with accessory qus.rbz and sanidine, but it grades through ‘

sontinuous exposures into typical gabbro as rapresentad by apeoimon 15, item 128, -

2V (-), and optic plane parallel with 010. . o

1Y

~ In the gabbroic granulite an orthoclase feldspar is generaliy not found near -

‘the contacts with the ultrabasic complex, but in specimen 280, item 159, table 1,

4,3 peroent of grannlar orthoclase was found along with a moderately oalcio ;alagio -

,;'-; 01&". MOMd. olivine, Fo53Fa47, biotite, and augite. A fault separates :thil- R

. * > *
rook from the nearest outcrops of peridotite, but it was probably within a hundred ' -

‘feet of contact with poridoti-bo during its metamorphism, Speocimen 232, item 169, ‘

o (S

. * . ’ .
» . . . . .
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table 1, cullected 400 feet from the neerest gabbro or peridotite contact con-
tains granular orthoclase as its most abundant feldspar. Orthnclase feldspar is
a common mineral in the low.grade greenstones unaffeoted by contact with the .

ultrabasic complex.:

R Il L S )

Quarts

Quartz is a most uncommon mineral in the Blashke Island c@lox. Within
the peridotite only one quartz;baaring.rock was found, speocimen 261 (vein), item
117, tabie 1. This rook 1s found 1? a few thin vein or dike-lika bodies ocoupy-
ing a set of almost hérizontal Joints cutting olivine augitite very close to its
contact with gabbroio granulite at the northern edge of the complex. The rock is
coarse grained and pure white in oolor and oénélsts of andesine with some- inter-
stitial éuartz and a very minor percentage of accessories. -An>ana1yais is givun
in column Q of table 8. . "\. L

A little 1nterstit;a1'quartz is present in speciman‘14, item 135, table 2,
previously d;acribad on page 100, This rock is a facies of the gabbro found at
the outermost edge of the wideat part of the gabbro ring. Another facies of the

‘ gabbro, specimen 356, item 140, table 1, contains 12.7 percent interstitial quarts

associated with augite, hypersthene, and labrédorite-bytownite plagioclase, The
rook is found in e narrow vein ocutting gabbroic grnnulite.. As has been suggested
previously on page 50, the magmatioc origin of this roolé is dudblious, ‘

Querts 1§ not present in the higher rank contact metamorphosed gabbroie
granulites, Where the intensity of metamorphism drops off within a hunﬁTed or a
fow hundred feet of the complex, quartz is present in the rocks, and quaftz‘is

. ‘ /)
common in many facles of the country rocks unaffected by contast with the ultra- -

basic complexe
. . _ Sphense

Sphene is a noticeable accessory mineral only in the gabbro where it commonly

!
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ocoure in small to comparatively covarse allotriomrphic grains. Sphene probably
accounts for an appreciable share of ths Ti0, ahown in the gabbro a.nalynls, | -
column U, table 2, but in the other rocks of the complex the TiOz must be largsly -

present in ilmenite, titaniferous magnetite, or leucoxens.
. .- 4 -

T P

Kpatite

Apatite is virtually absent in the poridotitio rocks of the Blashke Island

 oomplex. The analyses given in table 2 show only traces of PsOg in dunite and

augite dunite and 0,01 percent in the other peridotites. The gabbroic pegmatite
found within the olivine augitite contains moderately abundant accessory apatite

(P05 = 0.16 percent), the | gabbro contains apatite as a relatively abundant ac-

couory,‘ locally dver 2 percent of the rook. The analysis of a,composite speciw

men of gabbroie granulite given in column Y, table 2, gives 0.31 percent Py0g.
In the pabbro and gabbroio pegmatite, apatite is in typically minute prisms, but
in the gabbroic gra.nulito it 48 'in the form oi‘ aoatterod irregular greins, gener=

ally elongated parallel to 4, and as ocoarse as the other constituents or the rock.

: _The apatite in the granulite is distinctly biaxial with an estimated 2V of 10° to

15°, negative,
Chromite

Chromite is e Bparse but ubiquitous accessory throughout the dunite and augite

dunite in very small, well-formed octahedral orystals. It is much less abundant

©in recognizeble crystals in wehrlite and present in olivine augitite only as very

minute inolueions in olivine. The chemical analysis of the olivine augitite and
wehrlite give approximately the same content of c:;203 as do the analyaés of dunite
and augite dunite. The Cr203 in thess rocks is ®ither combined in pyroxene.or in
ohromite with the same allotriomorphic habit as magnetite and thus not identified.
Chromite is completely opaque in sections of normal thiockness, but very small fx"ig-



ments. are clear reddish-brown. In refleoted light the orystals are jet blaok

.with an iriduoent tarnish (photomicrograph, plate ZB). The chromite is none f )

ferromagnetic to the extent of giving no rcsponse o contaot with a powerful o
alnico permanent magnet, An X-ray pcmder pattorn made from a crystul 1sola‘bod'
from the dunite (spooimn 516, item 6, ta’ble 1) gave the unit cell d.'unonaions,

& B 8,33 £ 0.01, Clark a.nd Ally (1932, pp. 66-74) have given deta oorrelating
the lattioo dimensions of chromite with its al\mina-oontont. Aeeording to their '

~ ourves 'che ohromite from the Bluhkn Iala.nds oomapnnd- closely o tho composi-

tion of purs chromite, Focrzo4, and contu.lm leu than b porcent Alzos. It is

‘probably low in ferrio iron as 1ndi¢a.ted b‘y 1ts lack of ferromagnetism and by the

fact that the X-ray powdor pattern mde with copper radiation and & nickel filter

* showed very 11%19 fogg:lng from soattered nd&ation. The chromite .my be high in

g - 5

Mg euba'cituting for Fe R a , e . v
Chromite is apparantly the earliost mtneral to form in dunite and augito

| dunite, The orystsls are idiomorphioe against 111 other phasea. Some orystals
| “‘ ‘Are oraoklod 1n a manner simﬂs.r to the olivine hut ‘o e mach lesser degree, end -
the craukn are. nlled 'by serpontine. One or tvto oxamplos of zoning in ohromite
i - ‘were observed w:tth grai.ns contaming transluscent red-brown cores passing into
o opague rims, A few orys'bals hs.ve besn observed with sharp orystal outlines bdut

with a few small, ve.tn-liko apophyaoa projeoting out from the grain, apparently

-%

representing secondary mgnetito growing outward from the grain during serpentinin-'

‘tion. A few ohromite grains were observed with distinot rims of oriented serpen~
.”-'/.tino surrounaing thom, as ahmm in plato ZSB._ The serpentine in the rims dirfor-
. sngh‘bly 1n oolom, plooohroim, and apparent birefringenoo from the mass of sur=

| rounding aerpon‘bine and n orystallographioany oriented with X noml o the

ohromi’oo crystal faces, Hmver the chromite grains show little !.ndloation of

" replacement by serpentine or of other alteration.

Chromite forms pnotioe.ny all of the opaquo paterial in dunite, but with

the appearance of the»at_zgi'bo phase in appreciable munt,winlef-s of agoonda.ry

i




., later than the silicates.

- in dunite to 3.8 pe:;cent in wehrlite dikes and 3,7 percent in wehrlitic rooks at

“-rooh .of wehrlitic oharacter, This texture has been described by Dupare (Duparo

- and Grossot, 1916, pp. 59-62) who styled it, 'fslderonitique," and gave the name

- 14ttle pyrite is present with the magnetite. Koswite is very sporadioally dis- T

magnetite accompanying serpentinization becoms abundant. Chramite appears to be

_ scattersd at random through the dunite. No concentrations of ohromite of the

slightest economic interest were noted, The average model content of ohromite

in dunite 1s 1.3 peroent, in augite-dunite 0.7 percent, and in the other Hooks

' .'gt is present only in traces ae ;'eoognilablo erystals. The Cr20, content of the

non-peridotitic rocks is much less than the -peridotites or nil,
Magnetite and ilmenite
Magnetite is one of the minor late primary constituents, but it is pressnt
in the rocks of the complex principally as a i:y-produot of serpentinization. Its

ooccurrence in this way has been desoribed under serpentino, page 113 . It is alao

probably the opaque mineral in the graphio exsolution lamellas described under

,olivine. Some magnetite is present in the beerbachite dikes, gabbro, and gabbroic

granulites where it appears in formless grains partially replecing silicates end

The average magnetite content of the peridotites reanges from pra.ctically'nil .

*

. -the outer oontacta :af the oomplex, However 1oca11y in a few places magnetite is

" & major constituent of the rock, forming e mesostasis for olivine and augite in

~ "koswite" to peridotitio rooks exhibiting this texture and compesed of diail;.ge,‘
-0livine, and a little hornblende. Specimen 410, item 95, table 1, is represoita- ‘

tive ofikoswite (photomierograph, plate 26A)., It conteins 26.9 volume parco_ht,

of mgnetite which is massive, not spongy, and interstitial to the ailios.tes. A

" tributed and does not malke up an 1mporte.nt percentage of the exposed rooks of tha
. oomplex. Koswite is mainly found locally near the contect between duni te a.nd
‘0livine augit:lte and appears to be gradational with wehrlite and ‘olivine augitite

o
> e
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plagioclase, hyperstneno, augite, blotite, apatibe, and sulfides, Pseudobrookite

’ augiﬁ!.to oontains interstitial masses of coarsely crystalline pjri.to. The 'gabbro ‘

~containing normal amounts of magnetite. Apparently there were local ooncentra-

tions at a late stage of an iron-rich reeidue, because serpentinization oould
not have produced such an abundnnco of mgne‘t!.to. Except for proximity to the

dunite-nl:lvine auglitite contaot, no speoia.l utruotml oontrol of the ocourrence

of those rooks ocould be obumd i the ﬁ.old.

" The themica.l milynbl in ta‘ble z and the vu-iation diagram for minor con~ .

:tituentn of the complex, ﬁ.gure 16, page 152 , show tho.t titenium is nvernl times

more abundant .'m the gabbroio rooks than in the peridotitu, and it 16 possiblo

' 'bhat ilmenite i.u an aocenory 1n these roocks, though none has besn 1solated ror

positive 1dentiﬁ.oatlun.,
) Psbudobrookite - (?)' -

A thin aection of gabbroic granulite, speoimnn 285, item 160, ta'blo 1, ooh=

tains 0.3 poroent of very mll well-f‘omad orya'bals of a mineral tentatively

identified from the thin qlction as pseudobrookite. The crys'ba.ls are strongly

" ocolored and pledchroio, Z = deep reddish«browm, X = groenivsh-br&m. Relief is

very high and birefringenoo is .high. The minersl is optically positive, Some

'crycula are a.'.mple Mns, apparently twinned on a prism i'aoe. The mineral is an '

accessory in a oontaot metamorphosed rock in whioh the major oonstituentu ares

)

is reported from a mmbor ot localities as a m!.nor oonltituent of oontact meta- -

. morphosed bna.lta and in xepoliths in voloanio rocks, 1n some looanties assnoiated

o miner_s.logio_a.lly with hypernttwno (Palache, Berman and Frondel, . 1944, pp. 736=T38),

" ot B . . :
: : . .. ¢ >

Bulfides .

" Sulfides play a subordinate role in the Blashke Island complex. BSulfides

" are present looally in sparsely disseminated interstitial grains in outor marginal
‘facies of the olivine augitite., Some of the gabbroic pegmatite within the olivine

. s
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" are tabulsted below, g ‘ ' L “, .

"cited ubmm ahmd 0,004 oz, of gold, 0,04 oz. of palladium, and a traoe of pla.ti-

‘ oomplex. .

ring of the complex contains scattered masses of rock where dissmﬁated sulfides
make up several percent of the rook; 7 Diuem‘.na.‘hed mlt‘i.:losi in soattered granules
are common in the gabbrolo granulitea. ¥o wu;s containing conoentra‘bions of 'eul-: ’
fide minerals are associated with the camplex, although jo!.ntu in the gabbro a.nd -
gebbroic granulite looally oon‘hain ti.uuo-thin blebs of uulfido ninenls. R
Pyrite is the dominmt sulfide in the conplex, _but tra.ou of pyrrhotite,

pantlmdita, chalcopyrito, and bornite have been noted. Two assays of Blashke

Illand gabb:-o oonta.ining uvaral percent of sulfides havo ‘been reported by

- Kennedy md Waltoh (1946, p. 78), and twn usayx and apectrographic exminations

of sulﬂdo-bearing gabbroio grannn’ce were made for this roport by the Unitad
States Bureau of mnos, Stephen M. Shelton, assayer. The results of tl;ege apa.lyses \

Table 6

" Results of assays on sdlﬁdo-boaring rocks of the Blashke Island comélo:;

hY

'.7 c - L ; 0z, per ‘. .
Percent . ton
8 As Cu Co Ni Pt group
" Gabbro, 43AK295  NR T NR T 0,008 - NR - 0,05 . - 0,1
_Gabbro, 43AK306 FR NR 0,016 KR 0,06 - .- 0.1 )
" Gabbrolo granulite, 464WtF 1.6 KD 0,001 0.01 . 0.,01. . ND-FA
o A T to 0,01 %0 0,1 to 0,1 . i
Gabbrote gnnﬁnte, 464WLF 2.5 XD  0.001 0.01 0,01 ! ND-FA

tO 0.01 ‘o 001 tD 001

» f ¢« B

-

" NR = not reportad, _ND = not detected, ND-FA 2 not deteoted 'by firo usa.y. .

‘,Another assay ot Y specimen of go.bbro reported by Kennedy and Walton in the report

i

* num per ton. It is cloar from the above assay reports that pyrite 1: tho prinoipal

aulﬂde in the Blashke Islend rocks, and that the mineral association of pyrrhoti.te,
pentlandito, a.nd chalcopyrite so commonly found throughout the world assooiu'bod
with rocks dorived from gabbroio mngm.a is of minor impartmoo in the Blalhlco Ialand

.
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Serpentine -

t - All of the rocks 4in the Blashke Island complex that oontuﬁ olivine also
i contain serpentine that formed by the roplacsmh‘b of olivine, Comonly the pere
! Aoontnge of :erpentino pruent is greutar than the peroanhgo of unaltered olivine

i, nmining. ‘l'ho peroonhgo or olivine aerpentiniud win from about 90 percent o

S ‘about 35 peroont in dun.uo, angite dunito, and wom-nto. In olivine augi tite
and 1n some of the oontaot ta.oien of wehrli'be the poroent-.go of olivine serpen-
- ’cinisod hu & wider range and the olivine 1s almost oomple'bely tresh in some speci-
o o mens, - In the. ‘baorbuchite dikes, the gabbro, and the gubhroio gra.nunte the
SR ' olivine 18 commonly alnost oompletely fresh, but 1oca.11y altered to strongly
: | - oolored aorpont.tne with much sooondary mgnot:lto‘
2 | A nmer of names have boon applied to different species and varieties of
o serpentins. The usage is far from uniform in the litommro. Most authorities
‘ EH - (mnohon“(:sss) Pps 260-261 gga 280-281, Rogers and Kerr (1942) pp. 360=363,
. ‘ I.Odachnikw (1936) pp. 4-5) reoogn.’uo two prinoipal species, chrysotile and' a.n- :
" tigarite, diatinguished on tha basis of optical proportios and habit, Varietal
o -names auoh as serpophito. asbes'bos and - ‘bntito are based on hablt or mode of
|7 origin, - Selfridge (ms pp. 489-490) , Gruner (1939, pe 186), and Arujs (1943,3
-«J . PP 65-74) have shown that there are probably two diat:lnct dimorphoua structures
. with the formla (OE)sllges.t‘Om oorresponding to the minerals chrysotile and
: 5 ' . " .';- \anti.gorito. Hmwr, SelﬂMgo conoludad that both minerals cen ooocur in massive,
i h.molhr, and’ ﬁbrmu forms, and that ‘chore 1: no reliable optioo.l method ot
,distinguiching botwoen 'I:he ‘two dimrpha. : I TP o

. -

"chomloal, thorml, nnd I-ray study of numsrous va.ri.oties of serpentine (mmy of

' y tham ‘t'ypo lp'oinou ot such mi-t&oa as antigorito, mot;xito, piorolite, schweite

/ * ,‘a”rﬂ,e ’ “mtinl, pioromina. bmnite, winiamite, dawynte, and ohrynotilo)
. o that thoro were no nlid physioal, optiocal, or chemioal differences between thoso
) subata.n_oeo. f D_ifforenqn that are observed, such as optio sign, were shown 'bo be

N . . . N . N fe L
. ’, vy s .
R L ;~ - ""\?

!

Ca.illaro (1956’ pp. 153'326) ooncluded from a very detailed physieal, optical’ b



poaed of any veriety of antigorite._

" heve a strueture consiating of & polar arrangement of lcaolin-lib ‘gsheets of atomie

108"

due to differences in mode of aggregation of the same minutely fibrous mineral.
Cailldre did, however, show that these minerals eculd be divided into two groups
on the basis of thermal bohnvior which she oaned alpha and beta antigorite. Her

- X=ray studies by means of powder pat-terns reven].ed only slight, and to her nogugible,

differences betwsen these two groups. Caillers proposed that all serpentine mine ‘
erals be called antigorite with the alpha end beta varieties distinguished on the _

basis of thermal properties, and serpentine be used 48 & rook name for rooks come

The dis’cinguiahing thermal behavior of a.lphn and be'be. mtigorite as deﬁned

by Cailldre is that alpha antigorite undergoes an endothermioc decomposition at ' .

about 650°C., followed by a sharp exothermic ‘reaction between 750°0. and 825°C.
due to recryetallizatien. Beta sntigorite undergnes an endothermic reaction at
about 680°C. but gives no immediately following exothermio reaction, end this is .
explained by Cailleére by reorya‘balliiation concomitantly with the breakdown of
antigorite masking the exothermic effect by the endothermio efteet. Calllédre

noted that alpha antigorite was characteristic of surficially altered‘nr hydro-

.thermally altered serpentine that geners.lly showed a deficiency of combined ﬁter
and an excess of adaorbed water, while the beta variety was generally conﬁned 'bo

.fresh serpentine that had not been affected by weathering or hyc}rotherml e.ttaek.

Although Cailldre desoribed no significant differences in the Xwray puw:de;‘ :
patterns of the numeroue‘ varieties of eerpentine she investigated, Selﬁ'idge,
Gruner, and Aruja concluded that there are two serpentine dinonpha. Aruja's
study, which is the more recent and is based on oscilleticn end I.e,ue photographa

ag well as powder photogre.phe, yielded the tentative oonclusion thnt both foml

layers of the following sequence: Og=Si,-0,4(0H),-dgg-(0H)gy but that a linited
degree of imperfection is present in the entigorite lattioe. These studies indiocate

.that all of ths so-called minerals of the serpentine group ars variants due to

mode of aggregation and orystal habit of either the same mineral or two olosely

&
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related dimorphs wi*h the same oomposition. The many names that have been in

. wogue for types of serpentins mly"perhaps bé retained as varietal names for

"L\‘) )
. desoriptive purpuses, but are not wvalid mineralogioally. Sélfridge found that

specimens of serpentine tha£ had been identified as belonging to the same "species" .

. gave different powder patterns, while many different "species" gave the same powder

pattesn, Cailldre found e similar condition of utter confusion in the thermal

behavior of "species™ as based on physiocal and optical properties, Since a de=

~

tailed X-ray study of the serpentine in the Blashke IsIands hag not been attempted,

~no attempt will be made to distinguish between mtiéorite and ohrysotile or to

_apply the usual varietal nomenclature, All of the material will be referred to as
serpentine following the practico recommended by Gnme:; (1937, 13. 102). However,
' praotically all of the serpentlno 1n the Blashle Ysland roclks would be o'.lau!.fied
as :ntigorite and serpophite if the ordinary optioal oriteria were epplied. A -

* 1ittle late aerpentine ocoupying partings in veinlets of oarly serpentine would
" .-bo oalled chrysotile on the same basis, and some atrongly oolored mterhl ooour-
o rins as pseudomorphs of olivine fragnants is probably a low-alunina ohlorite» "
| . The first stage in the process of serpent:lnization in the Blaghke Island

rocks is the development of pale, almost structureless serper;tino along grainp . .

’bonndariés and-in a dense network of fractures in the olivine, Eaoh vainlotj shows
" traces of a medial fracture or parting blseoting the veinlet longitudinally and

may show one or two sets of parallel partings on either side of the mdia.l pu‘ting.
- The orystallographic orienta'bi.on of the serpentine 1n this initial stage of dovel-

opment 1s remrhbly uniform with respect to the winlota that it oocoupies. X is
normal to the length of the vein and Y and Z parallel the vein, thus simple veins
always !mve positive optloal elongation., In some sections the veins may exhibit

a faint ribbon structure due‘to a slight difference in color and plooohroiém rin

a band along the penter of the vein on either aide of the medial fracture. It was

shown in the discussion t;t olivine (p. 78) that the serpentine veinlots formed |

after movement had ceased in the complex and that the veins wers formed by .replace-

@ -
- .F
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} ment of olivine., The medial parting in the serpentine wveins almost oertainly
Q ' represents the loocus of the origiml fracture in olivine w.tth urpentm roplao-

N

ing the olivine imward from the fracture on both sides,
In oross polarized light thoso veins may show a‘ faint trangverse struocture
‘lrhi.oh 1s best seen when the min-nl is nou' tho mmtton position, A very
o onght ditforonoe in oxtinotion in nry parrow .bcndc transverse to the vein gives
] the appearansce of a r:.n- oross«fiber lw'bnro paranel to A, In mat veins this
struoture is perpendi.ouh.r to the vei.n we.lls end po.rallol to the extinotion di-
e ' rection I, but in some sections the ttmcturo i angom to the trend of the
-. .‘ _vein by as much as: 80' Bmtawr i.n thuo notiona the extinotion direotion, X,
‘ ’; rexains nnnibly noml ‘bo the vein, giving the ‘structure the appearance of in-
" elined axtinstion, m: soemisg oross-fiber structure is mot the result of &
‘ E . ﬁbroul oryntunographie hab!.t para.llol to X, but is probably caused by shea.ring
| _' f ‘along the vein indusing a strain effect in the mineral., Belfridge (1936, ppe
' 489—490) ﬁ;a descri‘bedﬁmlogous strﬁoﬁros whlcfx he also attributes to the warps
| ’ ing of the fibro-lamellar ‘structure of the mineral. - |
"4". ""‘g_. ~ The aerpentine foming in tha initial staga does not appear to be unifarm
| Sin Oonpocition. It rangos in color from pale yellowish white or yellowish greon
" o strong yanaw, graonhh yellow, or gray green, and tho plcochroim increases
" with the intensity of the 'color. I general the stronger colored serpentins is . |
‘. : unoc.tato'dA with olivine having highor fayslite content. -Serpentine assooiated with -
‘olivine conbainlng more than 12 parcent fayalite oomonly appears oloudy or dusty in
thln uotion due to minute, thinly disseminated opaque grains. ‘This opaque ma.torh.l

L] .

li,,';_ " is evidently magnetite, Quantities of magnetite may be extracted by a small perman~ -

o ent magnot from the pmderod serpentine and small grains of sorpentim oonto.ining L .

' hoa.vy oonoentration of this opaquo dust are attracted by the magnet. The 1nd1¢os :
of roﬂ'aotion of the oorpenti.no from -.ny given specimen show a oertain range of

R ‘
., o -nluq', 'but the range tends to extend to higher values in serpentins assooiated -

.
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with iron-rich olivine., All of the serpentine that displays any degree of
. © optical uniformity is opticany negative with 2V small - approaching unixia.lity..
‘ Ny is approximately equal to Nz and ranges from a minimum of 1,560 in oolorleu,
almost isotropic grains to 1,668 in pale groen mietiea, 1.578 4n atrongly gr.on‘
varieties, and to betwoen 1,69 and 1,60 in grains showing amber discoloration
related to mathering. An i.mmersion of fragmesnts of aerpontine from a single
" . rook specimen will show a mioty of graim»giﬂng di.ltinot, well-centered, acute
bisectrix interference figures with a range 1n‘ indices depending on 'bha oolor and
also on the relative opacity or cloudiness of the serpentine caused by dissominated'
dusty inclusions. However, serpentine from dunito with olivine not exceeding about-
. 115 ‘peroent fayalite ganera.ny does not exoeed 1,670 in refnotivo index except
| where discolored by weathering, vrhile serpentine from augite dunite and wahrlito
with olivine ranging up t§ Fel6 may have strongly colored ae}pentine ranging up '
to 1,680 in index, and higher if discolored by matnering. | |
b o " Differential thermal analyses were made of two specimens of pe.r’cia.llg; ser-
‘ pentinized peridotite. One specimen, number 315, item 6, table 1, is dunite
‘ ooh:tﬁining 72.1 paroent serpentine by volume. The serpentins is very pale green
4n oolor' and non-pleochroio in thin section and is derived from olivine with a
" fayalite content of 10,5 peroent. The other, speoimen 177, item 22, table 1,
. 1s augite dunite c’ontai.ning 48.8 percent of serpentine that is distinotly pleo=
,Qhroie in thin section from yellow to green and derived rroﬁ olivine vrith a gi‘aya—
; 1ite conton'b of 12,5 .peroent. The differentia.l thermal ourves are given in
) ~ﬁ.gnro 13, page 112, along with several ourves from the litera'buro for compo.riaon.‘
. The ourves for the Blashke Island specimens are . qlosely oomparable. The diﬁ'er-
. ST .‘ ence ﬁ.n amplitude is doubtless due to the different percentages of aerpenﬁne in R
‘the two rocks, There is a shift of about twenty degrees downward in the tompora-
' ture of the exothermal peak for the plc ochroi.o m.’n.oty, cuggecting thu.t tho pho—

. . ohroism is due to combined irone . ?

Y
:
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Dunite, Blashke Isionds .
(non-pleochroic serpentine). .

Wehrlite, Blashke Islands '
(pleochroic serpentine ) , .

N
Antigorite, Orcel

O Antigorite, Cailldre

B Antigorite, Cailldre
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Figure |13, Differential thermal curves for serpentinized peridotite
and for antigorite. * .




The alpha curve by Caillere (1936, p. 215) and the curve.for a.ntigorifo“by
‘ Orcel (1927‘, p. 237) were made on specimens of the‘i‘amoul antigorite from Tilly
'A,’.’Foa’cer, New York, with oub1o oleavage. The beta ocurve by Caillere (1936, pe zzs) 3
18 on a 8pooiman 5.dent1t:led ‘a8 chrysotile from Kontville, New Jersey, The difi’or- -

' enoe in the mtigorite curves on tha same :peoimm as givan by Cainiro nnd

-

. " Orco]. may refloot du'foroncn in aypnm'bus. The pattern and temperatures of re-

| '“"":\,_"" .P..otion are gpproxs.mtoly cho same as the patterns for serpentinized rook from the

| _ Blashlm Iala.nda. .Little suppor‘b ‘hawever is seen 1n the Blash)ca ‘Island: for

" Caillére's oontention that the alpha ourve typifiea aerpentine derived from sur-
'fioiauy or hydrothermlly altered serpen'hine. All the olivine-rich rocks in the

Blo.ahha Islands are ra'bher uniformly serpentinized- throughout with no signs of

o control by matherod aurfaoes, "shear sones, or other avenues of hydrothermal a.ttaok.

l , hlo a.nd carbonates a.re present in only minu'he axnoun-ba, and the ratio of adsorbod
LY 'bo combinod mtan ia vory ‘emall as shmm in the chemical ana]yua.

. The 1n5.’c1a1 sta.ge ‘of urpentinization does not appear related in any way to
R . -‘bhe ext'ent of weathering exhibited by 'hhe rook or o featuma such as joints and
K shear zonoa that cuntrol the advance of weathering and other type: of external

] . alteratlon, oxcep'c for a roddiah-brm disooloratﬁ.on of the uerpentim ooncentrated '

4 ;"'o.long ;]oints o.nd shears. This disooloration appesrs to be produood by diuaminatad

. ' colloidal ferrio oxide in tho serpehtino, and it causes a definite 1nores.ao in v
TN rerractive 1ndioes vdthout any increase 1n pleoohroim. h | :
‘ NI The sesond stage. in the process of aorpentinlzation is the dewlopment cf

4 very low biraﬁ'ingent to almost isotrop&c serpentine, with lowar refringenoe 'bhan
- tho ori.gml urpentine, along the medial partings of the proviously ronned vein-
: ‘ N r;f." lots. TTh 10 omonly ‘mecessary to use the sensitive violet accessory plato to

’ . doteot the biran-ingence of this material, and its elongation with respect %o the
‘ ,!length of the vein is always negative, or opposite to the elongation of the ﬁn‘b-
‘ - formed serpentine. In rooks contaiaing olivine With @ fayalite content of 11.5

Tee ¥eas e

pornont or mro, t ) romtinn of sorpontino of this second stage 1; aooompo.nied
- e, ’ LI e Sl ~~(n~_"-yn,-_u.|-qv~.«‘;‘rva-.ls\.; e N '_ Lot . L . %
b
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" masses also éoéompa.nies the formation of this materiasl,

e ALt © e A b e e i i 5

‘ | " T 14

by the formation of spongy magnetite, usuelly in the form of narrow ribbons along
the medial partings within the secondary serpentine, but also in irregular masses
in rocks with {ron-rich olivine, This secondary serpentine appears tov form at the

expense of the primary serpentina end releases iron in the form of mgnetite.

Concurrently with the dovelopnont of low-birafringent serpentina in the centers

of the vains is the aporadic looal replaoement of entire olivine shards by very
low birofringon‘b to 1aotroplo eerpentino. These paoudomorphs of serpentine after
olivine oconsist of a felted mass of very thin, disoriented fulia, The low bire. .

: fringence may be due to the 1nterferenoe of diversely oriented folia. Where the

material shows some degrpe of crystallographic \miformi'ky the birefringence ranges

‘up to a somewhat anomalous bluish-gray. Spongy secondary mag'natite in irregular

v i

Sume skrpentine replaocing entire shards of olivine with relatively hi‘gli faya-‘

ilite ocontent is strongly colored end pleochroic in shades of yellowish-green;‘
Birei‘ringenoe ranges up to first order yellow with an a.nomloua greenish 't:int. :

" The proper'hies are those of an alwnina-poor chlorite near negative penninibe.

" The mineral occurs in radia‘bing olusters of thin folis, and its abundanca seems to

" izatlon is definitely related to the weathered profile of the rook,

"of diaseminated 1nc1uainns, but part of it must be due to variations 1n the

be related 'pe.rbly_t& the relative richness in iron of 0livine and po.rtlyvto the . :
extent of weathering. Frasche (1941, pp. 280-305) has shown that in the develop- .
.ment of lateritic iron ores from peridotite 'bhe fresh peridotite consists of

~ olivine and pyroxeme veined by serpentine with abundant fresh olivins in sha.rda

surrounded by a network of serpentins, " As thie roek passes upward in a mttor of

tens of feet into lateritic iron ore, the fresh olivine shards become raplaced in

-

‘. the initial stages by dark, greenish»black sex-pentina, and this stage of serpen'bin-

e
X

"The inhomogeneity in color, pleochroism, and refringence in the serpentine

suggea'ba that the mineral is not a simple homogenesous phase with a fixed composi-

tion. Part of the inhomogeneity may be explained by the effeots of verying amounta

»
?

&
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compogition of the serpentine itself. Winechell (1936, pp. 542—651)‘-1138 published
a correlation of the optiocal ’;;roper'bies and chemiocal composition of the ohlorite,
series in which he shows thet there is a gradation in ocomposition and pr“o;lmrties -
between antigorite and the chlorites. EHe oonsiders antigorite to be an end member
of the chlorite group which varies in composttion by the substitution of ferrous

iron for magnesium and aluminum for siliocon, The most-abundant uorpenti.ne $n dunite

in the Blashlke Island complox has the following properties;

Color and pleochroism == X = pale yellow, Y'm Z 8 pale gray-green .

Optic sign and engle == Negative, 2V nearly zero |

Intermediate refractive index -- 1.568

Birefringence - 0.00"! :
This would ocorrespond 'bo antigorite with about 16 molecular percent of ferroantig-
orite ( (OR) 8F°6314°10) aocording to Winchell's oorrelation., The comonest ser-
pentine in the augite dunite and wehrlite at the dunite-augitite oontact has approx- |

!

hu'bely the following properties: ’ oo

W o
P

s '.g
N

Color and pleochroism == X & pale greenish-yenmr, Y=sZe gra.y-green

*

Optic sign and angle — Nepative, ZV nearly zero . e S "’

e

Intermediate roefractive index ~w 1.578

' Birefri'ngenoe'- 0.008 - : H' a TR

'This corresponds to antigorite with about 23 percent ferroantigorite acoording to -

Winchell, Other serpentine found in the same rocks would range from almost pure

- a.ntigorite to a chlorite with appreciable amounts of aluminum as well &s h'on.

However, it should be noted that the iron entering éqrpentino according to Winohell's.

schems is considered to be in the ferrous state. Winochell points out that iron in’

‘the ferric state has a stronger effect on color and refringence, Smaller quantities

) could thus produce c.mparable effects. - '. . o

An examination of published analyses of serpentine and aerpen‘binizod paridotitu

o roveals what seems to be a ourious discrepancy in the ratio of rerrous to !'errio '

* iron botween gnn.lysea of serpentine minerals and analyses of rocks oompnsed ;.n

. .
.
. . -
s .-
R -
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whole or in part of serpentine. Yost amlyses in the literature that purport to(
be analysos of serpentine minerals, snoh ae a.ntigorite or ohrysotile, show F0203 |
as very low or nil, if it is listed et all., On the other hand these analysea .
comnonly show several percent of FeO and the amount of Fe0 rangae up to about 16 .
percent. For example, out of 456 mlyses of serpentino minerals in the 6th edition .
of Dana (1892),in which both oxides are listed, only 8 show Fezoa in excess of FeO, ;
while 31 glve F°2°5 es nil, It is perhaps signifiocant, howe'ver, that 8 of‘tho 14
analyses that give any v‘a.}lue for Fey0z show it in excaess of Fe0. | A survey of all
the analyses éiven ip mnoﬁlogiml Abstracts,from 1920 to date, reveals essen-
tially the same situation in more modern analyses, | “ |

In the oase of rook enalyses the situation is quite the reverse. Ferric iron
is far in excess of.‘ ferrous iron in typiocel serpentinite analyses. The percentage
of combined water in analyses of peridotite is a fairly good index of the extent of -
serpentinization. Pure antigorite has 12.9 percent sombined water and therefore
as the combined water in peridotite eppromches about 13 percent the rock approaches
complete serpen’cihization. The degree of serpentinization oan de indioaﬁd by

expressing combined water as e percentapge of the total combined water necessary for

;tsomplete serpentinization, If the percentage of total,iren that is in the ferrie
"state as shown in analyses of peridotites in ve.ryiqg degrees of serpgntinizatidn,

. “is plotted against tﬁe perbentage of serpentinizati;ng es is done in figﬁré 14,

' pege 117, it is seen that the proportion of iron in the ferric state stoadily in- .

‘creases with incroas.’mg serpentinization. Figure 14 gives thess date for 57 -

analyses of peridotites of *hich the unnumberad points are oalculated i‘ram fho ‘

superior analyses of dunite and closely related rocks given in Washington’s (" :

. tables (Washington (1917)). Points numbered 1 to 14 are from other publiahed

_desoriptions of dunite and relabed rooks. Points 16a and b and 16a nnd b are oal- N

culated from Rosiwal analyses of Blashkn I-la.nd rocks, ee desoribed on pngo f ;

;124, and poln'be 17 to 21, inoclusive, are from the chemical analyses of duni'bo, :

sugite dunite, and wehrlite given in table 2, The trend 1ndlcatod by the plottod

. 1
[
N “

i
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Figure 14, References for analyses plotted:

Unnumbered points Vashington, He S., Chemical analyses of igneous rocks,
U. Se Geol. Survey Prof. Paper 99, pp. 736-740 and 923-932 1917,

Points

‘1, 2, 43 "~ Duparc, L. and Grosset, A., Recherches geologique sur le
. distriot Minier de Nicolail Pawda, p. 56, Kundig, Geneva, 1916.
. ' , b

4%8 .  Vells, Re C., Analyses of rocke and minerals from the laboratory
. .- . . of the U, S. Geol: Survey 1914-1936 U. 8. Geol, Survey Bull. 878,
.. . . ppe 11 and 112, 1937, - _

L6 . "‘, (Q'Caillere, 8+, Contribution e R'Etude de Nineraux de Serpentines,
" - . Soc. franc. mineralogie Bull., vol. 89, p. 207, April 23, 1836,

7 " o  01ark5, F. Wﬁ, Data of Geochemistry, U. S. Geol, Survey Bull.

8 o (Johahnseu, Aey A desoriptive petrography of the igneous rocks,
: ~ wole. IV, pe. 406, Univ. Chicago Press, 1938,

-9 % " Daly, R. A., Igneous rocks end the depthe of the earth, p. 20,
MoGraw Hill, 1933.

10 ) S Barnel’ v. Eo’ mWS()n’ R, F., and Pa.rkina(m, G, A., B\Xildmg
- .. .- stones of central Texas, The University of Texas Pub, 4246,
‘-~ Decs 8, 1942, Austin, Texas, pp. 110=111l,

~u11, 1 Sobolev, N. D., Ferric iron as an index of the degree of ser-
v . pentinization of ultrebasic rocks, Comptes rendus (Doklady) Acad.
" Bol. U.R.s.s., vol. 42, no. 7, pps 301303, 1944,

18 .. .. Cairnes, C. E., Coquihalla area, British 001\mbia., Canada Geols
"+ " Survey Mem. 139, p. 35, 1924, '

14 - - Calirnes, C. E., Geology and mineral deposite of Bridge River
"~ °  Mining Camp, B. C., Cankda Geol. Survey Mem. 213, p. 29, 1937,

. 18a 3“: . Calculated from mode of Blashke Islend dunite assuming all iron
‘ " .- originally present in olivine and not released as secondary
magnetite is present as combined ferric iron in serpentine,

1% . -Caloulated from mode of Bleshke Island dunite essuming all iron
. . originally present in olivine end not released as secondary
~ magnetlte is present as combined ferrous iron in serpentine.

16a 'yu-.;ifﬁCalculated from mode of Blashke Island wehrlite assuming ell iron
o 7+ originally present in olivine and not relemssed as secondary
‘magnetite is prosent in serpentine as combined ferric iron.

16b © - Caloulated from mode of Blashke Island wshrlite mssuming all iron
: ' .. originelly present in olivine and not released as secondary
magnat&ta is present in serpeptine as combined forrous iron,

' 17,18,19,20,21  Chemical enalyses of Blaghke Island peridotites given in columnu

. A, B, o, D, and E of table 2,

’ .

L
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points in fifure 14 is unassailable, as rocks approach complete serpentinization
most of the iron in the rock is oxidized to the ferric state., It is'apparent;
thorefore, that the serpentinization of peridotitic rooks generally involves @

oxidatlon of most of the ferrous iron present in the primery silicates to ferric

iron, This fact has been reported by Svbulev (1944, ppe 301-303), who states that ‘ .

52 analyses of ultrabasic rooks from the Caucasus ranging from fresh dunite to
completely hydrated serpentinite ponﬁrm this rule, TFour analyses are given by

;:So'boie'n one. of fresh paridotito, one- or serpontinite without primary silica’oea,
" and two of partly serpentinized per:.doti‘ae. The analyses of the fresh peridotito

and the serpen'cinite are plotted as points 11 and 12 on figure 14. The other,

- analyses -are rejected because one described as slightly serpentinized shows com-

bined water a.mountz.ng to 92 percent of complete serpentinization and the. other

described as intensely serpentinized (but not completely) gives combined water 10
percent in excese of that required for complete serpentinization. Sobolev states

that the sum of ferric. and ferrous iron oxides in peridotites genarally ranges

from 6 to 12 peroent, and that in fresh peridotites Fep03 generally emounts to

about 1 percent of the total rock, while in serpentinized peridotites the aituation
is reversed and FeO is generally ebout 1 percent of the rock. Sobolev's obsem- '
tions are in agreement with the analyses stu;uod by the author,

".l'he question naturally arlses as to whex;e this ferrlec iron is in the serpen=-

. tinized peridotites, and why analyees of serpentine minerals éonmonly show iron in

the ferrous state, The anomalous character of the situation is further emphasized

when 1t is recalled that e.nixlysoa of serpentine minerals vafy commonly show a ‘tenor-

of iron of the same order as the tenor of iron in most peridotites. It is not al-

'together facetious to ask if petrologists are oxidizing and }ninemldgists reduoing .

agentsl

Sobolev (1944) has advarced the explanation that the serpentine is a pure

magnesian silicate containing no ocombined iron, and that the opaque dust oommonly

1]

observed in serpentine and generally caid to be magnetite is in faot hematite formed

119
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from iron released during serpentinization of olivine and pyroxems. This explana=
tion finds 1ittle support in the literature or in the examination of sefpentina in
the B;ashlm Island peridotites. Hematite in thin flakes and dust-like j)articla.s is
translucent and blood-red in color. Finely d’ividod hematite is a strong red color-
ing agent. Red coloration usually appears in serpentine only after weathering,
Fresh serpentine is commonly colorless er light to dark gra'onishoyen,w or greenish-
gray. The opague material :Ln serpentine may éuny be separated wflth a magnet if
1t 18 coarse enough to be freed by grinding, It seems more likely that the opaque
dust that forms in serpentine is magnstite, o .

Two oalcula.ted‘ curves are drawn on figure 14. The upper one shows the relation-
ship of ferrio iron to peroent of serpentinization in an ideal ocase where all the iron
in the rock is assumed to be originally in the ferrous state and is .oxidizad complete~
ly to the ferric state during serpentinization. The lower curve shmﬁ the reﬁtion—

ship 4f all the iron assumed to be present in the ferrous state is oxidised to mag-

- netite during serpentinization. Most of the points fall between these itwo ideal

trends. However, allowance should be made for the fact that ferrio iron was no doubt *

.present originally in most roeks, This would cause some of the points at the lower

end of the curves tn fall above the ourves, which were caloulated with the aasﬁmptlon_:‘
that there is no primary ferrie iron. When this allowance is made it beoomes -

apparent that the only important deviations from a position intermediate between

, obmplete oxidization and oxidization to magnetite fall ‘below the lower curve, ine

dioating an even lesser degree of oxidizatinn. If serpentinization is asocompanied

by the formation of mapgnetite or some other anhydrous phase in appreciable amounts, .

" then the percent serpentinization calculated on the basis of oamplete conversion

to pure serpentine becomes progressively less than the actual extent of sorpexitin- e
fzation, and all the points, oapécially in the ixpper range of serpentinization,

y should be shifted to the right by an amount equinlent to the paroontaga of nnhy-

drous phase formed, but if the analyszes give an excess of combined wa:ber over that -

required for serpentine, a8 many analyses do, the affected points should 'be shifted
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to the left. The effect of these correotions probably would 'bring all the pointa :

into closer a,_,roemen’c with the avorage trend '!'.hnt nea someplace between the

curve for complete oxidization of ferrous 1ron to hematite and the curve for.

conversion of ferrous iron to magnetite."

Therefore it is conoluded that most of the ferrous iron originally present

in olivine and pyroxene is released during serpentinization and partialljr oxidized

" to magnetite. . Sobolev's contention that the iron is ocompletely oxidized to hema-

tite falls down because moat of the points should fall above rathsr tha.n below

the curve indicating complete oxidization in i‘igure 14 if th.'_gs were true. However, .
it is probably true tha.t. after correction most of the points in figure 14 would |
still lie somewhat above the megnetite trend, particularly the points representing
practiocally completely serpentinized rocks. This indicatés either the presence of
some hematite or. that some ?ron is combined in serpentine in the ferric state. In
the Blashke Island complex the presence of free ferric iron is related to weathere
ing, and some slight degree of weathering in most analyzed specimens msy explain
some of this deviétion.l However, Barnes (Barnos, Dawson, wd_mrldnaon, 1942,

pp. 110-111) has published; a modern analysis of a serpentinite consisting of
greonish-white to deep greenish-black serpentine with a little accessory magnetite
and an unidentified fibrous mineral. The ferric oxide percentapge of this analysis
is plotted as number 10 in figure 14. The rook contains 6.71 percent Fez0; and
0470 percent FeQ and the ocmposition of the sarpen‘bine is oalculated by Barnes in
terms of the following hypothetz.ca.l moleoules: . ‘

'85.29 peroent (antigorite)

(OF) gMggS140, 4 |

(05)8M54Fe4812010~ - 12,98 percent ' (mgnosio-—cronstedite)
(Winchell, 1933, p. 286)

(om) gMg, A1,454,0,9 1.19 percent (amosite)

(OH) g 45844059 . 0454 percent (nepouite)
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In other words, Bafnes considers tho ferric iron other than that reﬁuirod for
magnotite to be combineé in the serpentine, Sinoce the serpentinite analysis by
Barnes falls close to the trend indieated‘by other analyses plotted ;n figure 14,
it is not unlikely that iron entering'into the composition of serpentine in serpen-
tinized peridotites does. so in the ferric state, substituting for silica as well
as m&éneaia. 4 - . | ! N j

Several other modern analysés of sserpentine report the iron es virtually all
in the’ferric state. Two anal&sas made by the U, S.'Geological Survey laboratories
(Wells, 1937, pp. 11 & 112) give nearly B'perbent Fe,0, and only traces of FeO. One

of these analyses is listed under analyses of igneous and orystalline roocks, the

. other is listed as a mineral analysis. The analyses are vary"nearly identicel and

both are from material submitted by C. 5. Ross and described as serpentine of the
picrolite type; the rock sample from Austria, and the minsral specimen from Bellows
Falls, Vermont. Preosumably the mineral sample, at least, wasAfreo of other phases
such as magnetite end hematits, at any rate no notation regarding impurities ac-
companies the analysis. These analyses arc plotted as points 4 and 5 in figure 14,
Caillere (1936,pp. 205-216) givas}§§ analyses of common varieties of serpentine,
of which 21 were made b& hofaelf and the rest taken from the literatufé, Caillere
gives her analytical procedure which includes determiﬁation of ferrous iron by
titration with potassium permenganate, and detgrmination of ferric iron by sub-
traction of ferrous iron from total iron. She describes also in detail the method
of selection of material for analysis including mioroscopic examination for the
prosence of impurities. All but two of her annlyses show signifiocant percentéges
of iron and all but four show ferrio irén iﬁ“excoas of ferrous irun., The average
oontent of Feg0z is 3.05 percent and of FeO, 1,36 peroeht, oxcluding a serpenﬁine
from Thetford with a very high szos content described ns associated with abundant
ore., In partioular she selected serpentlne from Ambindavato, Madagascar, as being
representative of cormon serpentine rocks. The serpentine rock from Ambindevato

consists of two kinds of serpentine; one dark green, with a mesh structurs, and
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containing e little o;e; the other light graén and crumbly. fheAlight freen
variety free of ore has a pigher>£ron E&htéhékihan the dark green variety with
some ore, so that the percentage of ore preseht cannot be lnrie. The lipht-green
vnriety is believed by Caillere to be due to soeondary altorntion of the darker |
variety by surface processes and givea ‘the alpha thermal curve, while the dark
vnriety gives the beta curve that according to Caillere is characteristic of ser-
pentine that has not been affected by surfeaoce pruocesses. Both contain a large
excess of ferric over ferrous iron. The ferric iron percentage of the unaltered
serpentine is plotted in rigm-e 14 as point 6 and falls well within the range of
the other analysés of serpentinized rock. O0f the analyses of serpentine cited by
- Caillere from the literature most of the‘older ones give ferric oxide as nil and

'_show all iron as ferrous iron, while most of the more modern on;s; and particularly
%hose by auch:well-knnwn analyste as llillebrand and F. ﬁ; Clarke, give mosﬁ of the
.1ron as Fezos. | ’ . '

Although the study of serpentine by Caillere is one of the most detailed and
complete in the 11terature, another curious disorepancy is revealed in her dis- |
cussion of the cbmposition of the serpentine minerals. Sho'describesjﬁll of the
sorpontines co;ered by the analyses discussed above as "mineraux purement mﬁgnesiepa_ :
de la serpentine" (Caillere, 1936, p. 178) although her éﬁn ahalyses give 1ron up
‘to more than ten percent. In swmming up her results she states that from the:poiﬁtv_l ‘
of view of ochemical compositiun'one can divide all the serpentines into two g;oups,
‘ pure magnesian serpentines and nickeliferous serpentines, She notes that anaiyaol
of the so;called pure magnesiak group contain small amounts pf alumina and sﬁggests
‘that it enters into serpentinz by the substitution: Alp __ Sitg, and aleo Etatos
that evidently aluminum can be partly replaced in this substitution by ferrio iron,
but fails entirely to comment on the fact that in most of her own analyses slumina
. 18 less than one percent and ferfio iron is‘present in gréater amounts. Eloowhers

| Catllore (1936, 'p. 203) remarks that variations observed in optlonl'propertieg..'

of serpentine can be explained by differences in tonor .of iron. ‘Though Caillere
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ha.s. for some reason thegleoted bo recognize or fully disocuss the role of iron
in the sorpentines that she has oalled pure 't;nagnea:la.n, her own data oonsistently
shows the presence of iron oxides up to ten or more perceat, with ferrie iron
generally preponderant. | |
The evidence that has b«n gi.vun points 'bo the oonclusion that the serpen-
tinization of peridotites results-in the mcidation of ferrous iron originally
p.\‘esent in olivine, some nf whioh is reloased in the form of regnetite, However,

fit appea.rs almost csrta.in that an appraoia‘ble munt of the 1ron is retained 1n

" the scrpentine, bu'b 1n the ferrio ata.te, oon‘brary to the common a.ssumption that

- 1ron in serpentine is ferrous iron subatituting for pagnesium,

Additional support for this view ocan be ‘deduced ‘from Rosiwal analyses made
on partially serpentinised dunite and mugite dumite in the Blashke Island complex.

Two Rosiwal analyses were 'oalcﬁlated from modal determinations. In the celoula-

" " tions it was assumed that tha serpen-bino contains oombined iron equivalent ton the

‘ combined 1ron in the olivine 1t replaced, lese the°iron requirad for the secondary |,
l:magnatito present in bho rock in particles of sufficient size to‘bo deteotod
‘mieroeoopica.lly in moking the.modal a.nalysis. A
5 - Two sets of caloulations were ma.do: one assuming that all iron oombined
: A;in sorpantine is in the ferrous state, the other assuming the iron 1| in tho
ferric state. In making the oalculati.ons allomoe wes made for all the 1rnn
"1n secondary mngnetite derivcd from serpentinization. _’l'he results are ploﬁted
on figure 14 as éoints 158 and b and 16a &nd be ‘ Points 1ba @d 16e aes@ the
iron oombin;:d in serpentine to be in tho ferrio state, while 18b and 16b ossume
" "“’the iron tt.)‘ be in the ferrous state., It is apparent ‘t!;at Af the iron in .séfpon-
. tine is assumed to be in the ferric’ state the points fall perfectly within A:the
trend shown by superior a.n&lysos of peridotite from ell over the 'm;rld and aleo ‘
. are in g;ood agreement with the chemical enalyses of Blashke Ialand poridoti‘bo,
but if tho iron is caloulated in the ferrous state the points fall far ouh of the
Y rango shown by any superior mlysi: of peridotito and do not oomparo at’ a11 with
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the aotual chemical anelyses. If the ironm in cerpentino~ic at least in part
oombined, as many investigators have assumed, rather than contained as a separate
phase in minute~inolusions, then 4% must be in the ferric state., Therefore
determination of the composition of aerpentiﬁe from optical correlations based
on analyses giving iron in the ferrous ;tato may apply to oertain kinds of ser-
pentine, but ﬁrobably does not apply to‘the'oummnn serpentine oharacteristic of
serpentinized peridotite. | . ‘

However,’' figure 14 doea';hgw’a'fbw~1argo @gvigfions from the trend toward
oxidization of ferrous iron during serpontinizatioﬂfthat fall below the trend
toward complete oxidization or oxidization 0 magnetite, and may not be explain-
able by an excess of combined water. A oerfain amount of combined ironm in the
ferrous state in serpentine, under some otger set of equilibrium conditions, may

A explain this, The dispersion of values for the ferric oxide ratio both ebove
*~ and below the magnetite trend in the reglon of extr;mo serpentinization may in-
diocate that thero‘are twovdistinct sets of conditions thet ean-result in an ad-
vanced degroekof‘serpentinization in peridotites. Perhaps one sst of conditions
' rosulta»in the advunced serpentinization observed in connection with weathering,
end the other may be extreme hydrothermal or epi-magmatic, However, within the
range of serpentinization in the Blashke Islands it sooms clear that oxidation

of most of the ferrous iron in olivine and pyroxene end its release in thalfbnm
of magnetite or retention in serpentine as a ferrioc ion is to b; expeoted. .

One final question remains unanswered; and thaf 1;rwhy ;o many analyses of
serpentine as a mineral rather than a rook show relatively large percentages of
forrous iron and 1ittle or no ferric iron. If serpentine of this oompositién

| were characteristic of peridotites, the percentage of iron in the ferrie at;te
should show little or no 1noreaao during serpentinization. Tho‘trend shawn‘by

a graph such as figure 14 ahould thus fall far below that found for the suporior
rock analyses. There are a suffiolent nnnber of mineral analyses, partioularly :

recent ones, of serpentine minornls giving foerrio iron in exoeas of rerrous 1ron
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to question whether many mineral analysts have merely assumed that the iron
._’ﬁ w found duripg analysis was combined in the ferrous state and computed their
analyses accordingly. On the other hand rock unn)rysts are generally looking
for both ferrous and ferric iron and determine both .nluos in making a superior
enalysis. A complete answer to the questions raised here can bs obtained only
‘ ‘ by a oritical review ‘of & number of analyses and by a structural study to deter=
‘ mine if it is reasonable to place ferrio iron in the serpentins structure.
| The question as to the state of iron in serpentine may be the key to the
conditions under which serpentinisation takes place. ' The field relations and
petrography of the Blashke Island peridotites seem much more in keeping with
. the View that the primary stages of serpentinization are the result of reaction
,. of early-fomd aili.cates with residual mgma:bic wa‘bor, rathar than water fram ‘
o external hydrothermal or o.tmospheric sources. One objection to the auto<hydra-
tion process is that silica muet be added along with water or magnesium extracted
.' -~ . to effect the serpentinization of olivine. However, if the olivine contains .
1r6n, as it always ‘ﬁoel in peridotites, then release of irt;n in the form of mag-
ﬁetite or substitution of ferric iron for part of the silica in serpentine yields
additional silica for serpentinigation, If olivine contains 20 percent fayallite,

" for example, no silioa at all need be added to balance the following hypothetical

_‘.‘oquationa _ .
o 10(Mgy gyFe,5)p810, 128,040, ¢y 2(0H)gllEg3E,0 0+ (OR)ghig Fu, 50,0, !
{olivine, FoS8OFa20) ‘(mﬁigorite) (mgneaioeronstodlto) ;

~ If olivine contains 26 percent fayali‘bo the following hypothetical equmion may
" be balanced without additional silicas
| 12(Mgy 7gFe, ,5) 510, 412,040, ¢y 5(0K)glgs84,050*2Fe50, -
(olivine, ro'rams) - (antigorito) ‘ (mgneti‘u)

mrthermoro petrographic ovidonco ntrongly indicates that ucrpen'biniuuon is e

¢

.\ voluna for volume process “of replacemsnt, and therefore some part of the oripginal
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heavy phase, olivine, must be removed to male way for an equal volume of the

lighter phase, serpentine. It ie reasonable to assume that it is magnesium °
that is oarried away, and this furthsr reduces the necessity for introducing

silioa, )
The source of oxygen needed o oxidize iron durlng aerpentiniution presents

no problem and does not nqnirb ths introduction of oxygen from any external
source, Kennedy (1948, pp. 529=549) has recently published data on the equilib-

| rium between iron oxides and oxygen. ' Kennddy gives experimsntally determined
values for the dissociation constent in the reaction 2Fe203 ¢.p 4Fe0+0, at tem-

paraturea from 1200°C. ot 1400"0. He shows that theoretical values agree with |
an extrapolation of experimenta.l values down to 800°C, Perhapl a further extrapo-
lation of Kennedy's values to lower temperatures intruvduces considerable error,
but if his values are éxtra.ﬁbla.ted into the stability range of serpentine (below

about 500°C.) given by Bowen and Tuttle (1850, pp. 439-460) and compered with the

. partial pressure of oxygen resulting from the dissociation of water (Dwyer and
. Oldenberg, 1944, pp. 331-361) in the sams temperature range, it is seen vjhha't the

equilibrium concentration of Fezos ranges from several times to hundreds of'timn

" . the concentration of FeO at pressures ranging from one to a thousand a*hmspheres.

Even if these data merely crudely approximate the trne oquilibrium oonditinns, :

+ 1t means that the oxygen concentration resulting from the dissociation of water
,' . alone is adequate to oxidize most of th;o.iron to the ferric state d;;ring serpen;-
i tinization. The utilization of the oxyged resulting from the dissociation of vmte.r
. should consequently result in an excess of free hydrogen, and it is interesting
" %o note that Zavaritsky (Zavaritsky and Betekhtin, 1937, p.>72)vfopor£s.a:1‘rge‘

concentration of Kz in the gases emerging from a hole drllled to a depth of’ 600

~ meters in dunite. Further mvestigation of the equilibrium relationc of the iron

oxides and oxygen in the stability range of serpentine may make it pouible to
caloulate the temperature and pressure range of water ﬁpor within which uip@n-
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In summary, in the process of aerpentinizition as observed in the Blashke

Island rocks and in the light of fho foregoing disoussion, there appears to be

more, than one stage .’m the de’n1oplnont of sorpentim and saveul distinct phasas

N may be prasont eimltannously 1n the aorpentino. Initnny aorpentino appoars 1n

e network of wveinlets o,long fractures in tho olivine tb.roughout the oomplox. It

'hu been shm that thuo veins are formed by the repluooment of olivino along

pre-existing fraotures and that the formation of these veins post—dates a.ll move~

", .ments involved in the amphoomnt of the conplex. This sorpontino shm an ine-

in the oliv:lno it replaces, a.nd when the iron oont:ont or the olivine reaches a

o 'minimm nluo .near 12 to 13 pcroent fayalito its formtion iu aocompanied by 'bhe

" properties is probably ceused by variation in the temor of &omb&.ﬁod iron, whioh

is probably 1n.' the ferrioc state., This stage of serpentinization is present

throughaut'the onmplex sn‘d"bears no relationship to the extent ‘of weathering, so

o far as can be ;)udgod by the reélative freshness of the rock and its rohtionahip

‘ ._ ‘-,'_to join‘hs, shear zones, and other fcaturu that control weathering, -

. In the second stage very low-birefringont serpentine forms along tho modial
partings in the initial veinlets, mccompanied by spongy secondery mgnetite,whero
the olivine contains 11.5 peroen‘l; or more faynlite, This serpentine has low in-

-dioes and probably represents an iron-poor or iron-free phase formed from the

initial iron-bearing serpenﬂnz with the release of iron in the form of spongy

- blivine and beare no observable relationship to wenthering. o L *

Alteration that my be in part related to weathering results in the more or

+ less complete replacemsnt of olivine ahards by a felted maas of disoriontod ser= -

) pentine ranging from almost 1aotropio matorio.l to material with anomlous firnt

" properties of this material are thoso of low alumina ohlorite. This atage oi’
serpontinintion is apor:dieally denlopod throughou’c the oomplex and seems . cor- '

4
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‘. release of iron oxide ‘in the form of dusty magnetite. The variation 1n opt.'..cal .

ao st

g orease 1n refringence, birefringence, and pleochroism: with inereasing iron oontent ;

_ mgnetito.‘ This stage is presont in most rocks of the conq:lex oontainlng l‘mmdmt

- order interference colors and from almost solorless to green in thin seotinn. The i
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related to some extant with more 1ron-rioh olivine and with surfioial alteration,
.“”4 'umaummmmmmwmmmmmmnumummm B

of amber discoloration in previously formed aerpentino, acoompanied by an in-

orease in refractive indices. This is interpreted as boing caused by the re- "

lease of colloidal ferrio oxide ‘iz‘r:f‘;;ﬁ:e:'ﬁroaldng dom of ferrife;'ou': ser-

pentine. Howevoxf, previously formed mgﬁetito is not neoensﬁrny oxidizged to

hematite or limonite at the same time,

Serpentinization, 1t' appears, is not s simple, n‘ne-stage process, but in-

volves the formation of a primary serpentine that may ocontain iron proportional

to the iron in the olivine from which it formed, followéd by the breakdown of

this material into two or more phases that may lnclude pure antigorite or chryso-

tile, magnetite, hematite, colloidal ferric oxide, and 11-;on-rich .chlorite. |

) Chlorite
.> o Many thin sections of serpentinized dunite, augite-dunite, and wehrlite cone
tain traces of oolorless chlorite as a distinot, but quantitatively negligible, |
phase in the serpentine. 'i’he mineral is colorless in thin section but is pale
bluish-green in visible crystals and large fragments under the mioroaoo;n; :It
) '.has porfedt micaceous cleavege and cleava.ge flakes are flexiblo but not alutioo
. .v ()pti.cal properties; : . ;
. Acute Dbisectrix Z approximately normal to c(OOl) R - o
« +.2V_variable within a single oryatal ‘from nearly zero to ebout 20'
' Dis‘binot dispersion of optio axes with r less than v,

- =

.. .7 Birefringence, 0,003 to 0.004 with anomalous brownsh to bluinh

e
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interference colors.
b . - . tee ¢

Ny approximtoly equa.l to Nx = 1,687 2 0,002,
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) Aocording to Winchell's (1953, Pe 280) optical classification of the ohloritoa
.\, . this mineral falls in the positive penninite range. Exoept for lower birotringonoé :
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it agrees closely in properties with clinoohlofe that ;c cnmmnnuin sorpentino
in the Quebec "aerpenuné bel t" (Poitevin and Graham, 1918, pp. 64-65).

Tihite chlorite is present in the aerpentlnﬁiin.amall, irrepular shred-like
grains without crystal form. The grains appear to make no sharp boundary with
serpentine, but pass through an isotropic border zone and merge into the sur-
rounding serpentine with continuity of cleavage traqes as though gradational with
the serpentine, The chlorite appears to be later than the early serpentine but
to belong to the end of the initial period of serpentine formation. This rele-
tionship tends to substantiate Winochell's (1933) cuntenfion that there is an
isomorphous relationship between chlorite and serpentina.

The presence of this eluminous phase et this stape 1sl§ignificant in that
it indicates that a small emount of alumina was nAcomponont of late aqueous solu-

tions in the dunite. The presence of an eluminous hornblende and e little plagio-

clase feldspar.in the olivine augitite indicates that the concentration of alumina

attained a higher value at an earlier stage in the pyroxene-rich rocks,

White chlorite is also present in coarse well-formed orystals in e few thin
| veinlets that were observed in several loocalities near the dunite aupgitite ocone
' taot. These veinlets are no more then 6 millimeters wide and e few meters long.
The white chlorito is in crystalx es wide as tho veins and in some veins the
crystals ere crumpled so tnat the traocs of tha oloavago in thin section has L3

zig-zag pattern. Commonly lenticular blebs of calcite and magnetite ocour within

the crystals along the cleavage. In these veins the white chlorite is nsnooiatod '

with felted, disoriented serpen‘bine and with oucito. The presence of white '

_chlorite in veinlets formed at a very late stage suggests that the elumine '

neogssary to form this phase was introduced into the peridotite from outsido. ‘
Common green chlorite ranging from penninite to clinochlore is a dommon

alteration product in the gabbroic rocks. Some ooocupies angular 1nterdtloea

" ‘between primary silioates and may be late primary i orystallization. llost~ of

the chlorite Sna deep blue ﬁo purple anomalous intorferegco colorse

-
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Chlorite is a major oonstituent of the country rooks surrounding the

complex where they are not affected by contact mtamrphlm ’y

+
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Tale

Talc is present only in late veinlets & fraction of a millimeter wide and
e few oentimeters long cutting the other serpentine minerals end in a few irreg-

ular areas where it replaces serpentine. The veinlets are very small and widely -

. scattered, forming an insignificaent percentege of the rockse The veinlets oc-

cupied by talo have the appearance of small gash frectures. Displacement of -
mioroscopic magnitude may be observed along some of them, Uthers are very ir-
regular and follow crookéd paths through the rock skirting f;he_ mrgi.nﬁ of olivine
end sugite pgrains without replacing the primary silicates. The formation of

tale took place after the initiai stages of serpentinization et least had been
completed. It is so spora.dic in ocourrence and present in such smll amounts
that its formation either came in the dying stages of the‘ sequenoe of proooues
involved 4n the fc:jmtion of the ocomplex or is the reault of subsequent unrela.ted

hydrothermal activity of a very week order,
'l’e.lc haa also been observed as an alteration product of hyperatheno 1n

i R ad a

N iy e
s

~ Leucoxens < - K T
. ‘ v

5\

Calcic plagioolese in the Blashke Island rocks is locally altered to 6.

dead white, cryptocrystalline, powlory substance that is opaque to dark brm :

.wiith extreme refringence in transmitted nght. This kind of alberation ia‘

commonest where plagioclase is present in minor amounts as a disseminated late
phase in marginel facies of the olivine augitite, but it is not uncommon 1n much .
of the gabbro that oontains a highly calcic plagioclase, This mineral is Men- .
tified as leucoxene. Its ocourrence parallels 'l-;ho presence of appreciable ti-

tanium in the rooks as shown by the chemical analyses in table 2 and the, variation

AT e e e« e



to zoisite, clinozoisito; or epidote can be traced to small shear zones end

. oontact motamorphoscd oountry rock aroux;d 'bha oomplox. o .

‘along hydrothermally altered fracture walls, - . ) R

I
1
.- : i
diagrem, figure 16 page 1562 , It is noteworthy that titanium is most ;
abundent in aluminous rocks that are high in oaloinm, because a.lteratﬁ.on 'co

leucoxens is probably brought about by deuterie attaok on calcio plagioolase

by titanium-bearing residual fluids concentrated a.lons 'with thz calcio a.lunﬁno\u

B R AL L R I e . ,~,z‘ - o .s_,

' phuo, plagioclase, . T,

Loco.‘.lly a 11‘31:10 horn‘blende is altered %o leucaxene along vrith plaglioclase.
Zoislte, olinozoisite, andiopidoto

These minerals are present in the complex only as secondary products of

oo ,-do"'at_eric elteration orilater hydrothermal attack, They are confined in éoour-
. rence to the feldspathic rooks and are -lar(;cly' derived from the elteration
- of plagioclase, Members of this group of minerals are a.'principal constituent
of sausswrite, and saussurite is one of 'I;he common slteration products of the
.. more oaloic plagioclase 1n the gabbro., Much of the alteration of plagioclase

" fractures that out the rock.

Zoixite, olinozo:laite, a.nd epidots are not uncommon in the lmr ro.nks ot

RN i A

Prehnite | - ¥

Some slides of gabbro contain measurable percentages of prehnite. The

" prehnite is oolorless to faintly yellowish-green in thin section end is found

" as coarse grains ocoupying angular interstices between developed crystal' faces

of the principal primary minerals. It is probebly of very late primary céyatal-j'
lization. In & few slides such as specimen 104, item181 , table 1, prohnite
makes up several perocent of the rock, both as a late interstitial minoral‘and

" as an alteration product of plalgioclaao. Prehnits formed by the o.l'bemeion of :

plagioclase is found disseminated through the rook and also in ahearod nreau and

-
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Heulandite

I
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Une thin section of gabbro, specimen 120, item 127, table 1, oon:hainl
areas of altered plagioclase consisting of epidote and an optiocally positive
mineral with small optic angle and npgativa relief. The optio orien‘ba‘bion .
with respect to traces of cleﬁaée vct;;;'oaponds to heulandite, a.nd it is tenta-
tively identified as heulandite although none was isnlated for positive identi-
fioation., It is present only in traces in very small graing and appears to be

R

a deuteric alteration product of 'Lplagi't;ela’se foldspar.
Caloite and other oarbonates

Caloite is present as a gangue in a few veins outting peridotitie rocks
and not more than 3 millimeters wide, containing serpentine and the coarsely

crystalline white ohlérite desoribed above. In view of the magnesian character

" of the rock and of the other minerals in the veins it might be amticipated that

any oarbonate present would be mgne;i’ce or dolomite. However, the mineral
effervesces vigdrously in dilute hydrochlorio acid and the index No = 1.668,
leaving little doubt as to its identity, These caloite-bearing veinlets may

also be the result of weak hydrothermal asctivity post-datiﬁg the o'omplox. , Howaver,u
waters oontaining oarbonate ion attacking the rook would be expeoted to produce.
. - a magnesian carbopate and might not be expeoted to produce the white thorito‘ .

.+ and serpentine associated with the ocalcite. (n the other hand the sequence of )

. minerals forming in the complex points to & steady enrichment of the late fluids

in calcium, aluminum and iron so that mgneiium may have been quan’citativh‘],y

.

removed from the fluid phase at the close of activity. The veinlets are found

cutting augite-dunite and wehrlite in close proximity to the dunite-augitite

. contact. They are not found deep within the dunite core or in the center o?
" the butex; margins of the olivine augitite ring. 7They are not found assoocliated

* with any of the observable zones of shearing and faulting affectihg the omblax.' )
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. ‘219, 308, and 220, items 118, 119, 122, and 120, table 1. Photomiorogro.pha

L chmring examples of these coronas are plates 26B, 27A, 27B, and 28A.

L L 184
LS

Carbonate is common in the country rocks surrounding the\ complex. It '13

very abundant in the altered voloanios where it appears disseminated through .

. the rock and as pseudomorphs after augite. Soms of the conglumerates consist

of limestone end marble boulders in an impure limey matrix and same beds up to

30 feet thick of ocoarse white to.buff marble are presemt. . Do

Coronas and coronites

Goronas have been defined by Shend (1945, pp. 247-268) as reaction rims
between two different mineral.c in which a sheath or shell of new minerals or a
new minerai generated by the reaction forms batmeﬁ and about the reactlng grains.
Coronas of several different kinds are’deve.loped iooally in ‘soms Bfasbkn Island
rookse. | |

The most common coronas in the Blashke Island rocks are found in olivine

gabbro end consist of pale, clsar green amphibole shells around olivine in con-

taot with plagioclase. In most of the pale amphibole coronas some hypersthene

is presént, but the \hypersthem is sporadic in distribution and some olivine’

~ grains in the rock have complete shells of pale amphibole alons, while others
- bave i:arbial shells of pele amphibole with a discontimuous inner shell of hyper-

- gthene. Other grains of olivine in the same thin section have no coronas at all

and ere in sharp cuntact with plagioclase. The hypersthene in these ocoronas is

' very commonly, but not without exception, intergrown with abundant magnetite in -

_a graphic pattern. Rocks containing coronas of olivine - pale amphibole =

&5 enii

X

plagioclase, olivine - hyparethane - pale amphibole = plagioclase, or oli.vine -

' hypersthens - magnetite - pale amphibole - phgioolase inolude speqimenl 142,

.

T

A second kind of corona is found in the same rooks as the olivinl - a.mphibolo

" ‘= plagioclase coronas desoribed in the preceding paragraph, and oonpis‘l;a ,or pale
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' .amphibole shells between ausite and plagioclase. The amphibonle is identical - a

* in properties with that surrounding the olivine, and in fact oontiguous grains.

113, table 1, contain ocoronas of this kind,
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of olivine and augite are ocommonly surrounded together by a rim of crystalio- :

.. v.
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graphically continuous amphibole. Good amméles are aéan in the ’phot'omicro-

' graphs cited in the preceding paragraph, The pale amphibole that forms these -

coronas is different in properties from the hornblende commonly present in ooarse, |

. poikilitic grains and replacing augite i.n these rocks. The latter veriety of
‘ : homnlendo is strongly. pleochro.'o.o in yanwish to browmnish green,

A th:lrd Knd or corona is round in several hornblende-rioh boerbaehites

‘contalning a few ocoarse phenocrysts of olivine. These curonas consist.of a

o jumbled, grenuler aggregate of small hypersthene grains fWg a shell around

the olivine separating it from hornblende. Speoimens.207 and 214, items 114, and

A fourth kind of corone consists of shells of augite surrounding hypersthene

where the hypersthene forms insclusions 4in coarse poildlitic hornblende, Specie

men 347, item 123, table 1, contains coronas of this kind, pictured in plate

‘288, .

. A distinction can be made between the rocks that contain coronas between

. olivine and plaginclase and the rocks that contain olivinpland plagioclase without

 ooronas, The coronas are found only 4n the oliv:lne gabbro. No corones m?found' .

o » _betwen olivine and plagiooclase where the plagiochuo 15 diueminated 1ntent1- ,
: tially in certain facies of the peridoti-be or in the gabbroio pegnnti‘be bodies
hin the olivine augitite, or in olivine beerbachi te dilms. No ooronas are t‘ound

.around the 1ron-r1uh olivine in the gabbroic granulite and rabbroie granulite is

" exoluded in the rollmd.ng discussion. . R , .

In general the olivine in tho gabbro is richer 4in iron and the plagioolue
is sltghtly less caloic than the olivine and plagioolase in the peridotita,
gabbroic pegmatite, and olivine beerbachite. However, the differanoe in oom-

: position between the nlivine and the plagioclase in tha coronites and the onvim

. &
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» and plagioclase in the non-coronites is actually very slight with some over- 5
. e lapping as shown by the following table, " ; -
o ) + § ~ :;

..’.-.\ . 3‘ E
Table 7. A *;

conposit.lon of olivine and plagioclase in coroni.tu md non-coronitu of the

. ) ~ Blashke Ishnd conplu AR ‘ i
L Speoi.mn : ’Tben Noe ‘ Olivine . Plngiocluo - L : ‘
’ No. table.1 - Fo Fa Ab  An_ Remarks
Coronitess .. - - J - Y L .
142 ERETERARE X 24055 - 985 0livine later than some of the
R B plagioclase
219 119 - 74 2 7 85  Olivine later than somo of the
o o - T . plagioclase .
308 - . 132 ... WD . 7 .83 late poikilitic plagioolase
220 120 WD 20 .80  labe poiidlitic plagicolase
Non-coronitess - | , .
. . 247 C 43 85,5 14,8 67 84 ° TFeldspathie wehrlite
® L0167 ° 7 98> Bl 1865 6 94  Feldspathic wehrlite dikm
833 0 104 78 22 6 94  Olivine beerbachite
| 244° . 100 - TT6 21,6 4. - 96  Gabbroic pegmti‘he in olivine
S N : augitite o
R %7 I - | , 776 21,6  aenorthite . 0livine augitite with aoceuory
. . R o : . plagioclase E
. 33 .. 108 ..TT 28 . 6. B4  Olivine beerbaohite '
. 86T 108 . .T6.6 28,6 9 91  Olivine beerbachite - _
.t 216 88 . M 26 snorthite  Feldspathio olivine augitite grad-
.~ o - ing into ga.bbro, lpociman 219
S : P : above. : _

. (M= Composition not determined beoause grains could not be iaohted.)‘ ; . . .

_ Shand (1945, pp. 258-262) has deseribed an enstatite ooronite from Quabeo

_ o from & complex oontaining olivine-rich rocks approaching peridotite in ths oore.
. o o The oompoa!.tion of, the olivine reported by Shand 4s Fa24 and the phgioolue is

An47. Shn.nd notoa that only one specimen out of a number from- tho oompiex

"’-i‘
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‘contained coronas, but he gives no data on the composition.of the olivine and 3 '
' | - " plagioelase in the corona-free rooks. However he notes that coronas a.ra.a.uo-. Y
. ciated with rooks rich in iron, Shand attributes the formation of coronas bo i
thermal xnetamorphism ao'cing on rocks of suitable composition. The fisld rela=
' ‘tlons in the Blashke Islands gi’n 1ittle evidence for thermal mtamorphim sub-
seiquent to the thermal processes associated with the formetion of the complex .
itsolf, and no evidence that the rooks that oontain coronas have been subjected
to more post-magmatioc heat than the rocks with similar mineral content that do
not contain coronas, | - '
Two conditions eppear on the basis of the limited data available to control
the development of ooronas between olivine and plagioclase in the Blashke Island -
oomplex, (me is the composition of the olivine, whioh in assooiation with a
highly caleio plagioclase apparently must oonta.in 24 percent or more fayalite,

. The other is tho geologic mode of ocourrence’; 1n that only olivine gabbros within -
. " the gabbro ring of the complox have coronas, It is suapeoted that thie latter |
) condition is related to the c&noentration of late magmatic -fluids in the rock.

Examples have been seen in thin section where an olivine grain oontains q.nvin-V
‘ oclusion of ﬁla.gio_olaao ﬁbmt which there is no corona, while tho externai ool ’
,~ . . tacts of the olivine with plagioclase eare rimmed by a coroma. The ga’bbrq1§
Igre.nulite is notably free of hydrous phases and is also free of oorom;‘ a.i-
though the composition of both olivine and plagioclase should be conduoiw to
their formation:, if the foregoing discussion is correct, ‘. ‘
No generalizations oan be mde about tho other kinds of corunas desoribed
above, except that the enstatite ocoronas between nlivine and hornblende are ' "
" found in a couple of hornblendite~beerbachite dikes of a kind that does nub
. norﬁnlly contain olivine., The vlivine 1s present in a very few unusu-ally l;rgo
" _phonoorysts that may have been incorporated from the peridotites that the dikes
.) " . - traversed. Thorefore tho phenoorysts, or xenocrysts, as they might be vstyled,
' ,may not have been in equilibrium with the orystalliring ground mass, The augite ‘
oofonaé around onaté.ti‘h inolua;om i'nm‘poikilitio hornblende are 'nniqu:a in one



* The ukn range in thickness from a tn inohes to tens of feet. Some of the

|- entire length, Others sre lenticular in outorop and pinch out gradually st both

" to m.o:‘ophaneritio and commonly porphyritice A few are meditm~grained phanerites,

‘7unoomon. T T o ' o
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specimen of a coarse, uneven textured rock rorinug & dils-11ks body in horn-
felsed country rock on the west side ot the cmplex, and the actual mgmtio ' .

origin of this rock is subjeot to some quoation.

Diﬁo rocks older than the somplex

A

: Throughout the Blashke Islands the stratified oounéry rocks are cut by

\‘ nunerous dilkes., These diles are commonly steeply dipping, though a few have

gentle dips, and they cut sharply soross the bedding in the stratified country

" rooks. I & orude way they follow two main trends, northeast-socuthwest and northe

west-southeast., Detailed mapping of lithologic units in the country rocks exposed

" along the shores of ths islands has proved in several looalities that some of

these dikes occupy faults along which displacements on the order of hundreds of
feet have taken place before emplacement of the dike, Other dikes in the same
localities oocupy fractures along which there .has been little or no diaplaoemnt.

""dikes are exposed continuously for several hundred feet without exposing their

D

ends in tens or hundreds of feet. Linear flow struoture shown by preferred iorioh-‘ .
tation of phenooryste and inoclusions 48 not uncommon,
The dikes exhibit some petrologic variety tut for the most part fall within

the range of basaltio andesite and basalt. In hand specimen they are aphanitic

IR N

~ They ars mostly dark gray and greenish gray in color but medium greenish-gray
" varieties are not unoommon. ‘Gensrally the minerals in the groundmass cannot be

' “'identified in band specimsn, but where porphyritie, phenoorysts of pyroxono,; h'or'n-.h"v,-

blende, and plagioclase, ean be recognised. Sparcely disseminated sulfides are not

Y
+

- In thin uotion, tha dikes range in toxturo from ophitio and subeophitie %o

. diabasic and lub-dhbgs!:o. The plagioslase crystals are generally hth-chnped in

- . ‘ - - - f
v
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" moderate negative optio angle.

139

the groundmass an:; are imbedded in a mesostasis of one or more forromgnesiaﬁ
minerals. The following typical mineral assooiai-:ions have been i;mnds (1) ;
plagioclaée and green hornblende, (2) plagioclase, gresn hornblende, and augite ‘
or augite and hypersthens, (3) plagioclase, green hornblende, and biotite, (4)
plagioclase, green hornblende, pyroxene, end blotite, (5) plagioclase and biotite. .
Biotite is not common except in dikes of this grbup found ﬁthin 1,000 feet of"
the ultrabasic complex where it is generally sccompanied by the ﬁmlopmsnt of
noticeable granulitic texture indiocating that it is e product of tfxarml meta~

' morphism by the comple:é. However one narrow, fine-grained dike located over 2,000

feet from the complex contained a few relatively coarse hornblende phenocryaté in
a diabasic groundmass of plagioclase in whioch abundant biotite appears to proxy

for the more ocommon ferrénagneaian minerals, and this is presumed to be a primary
feature. In general the mineralogy of the dikes is vefy simple with diasomin.ated

ore the ohly important accessory.
The mosf common porphyries ocontain relatively large, well-formed phenoorysts

of either augite or hornblende, not both together. Smaller phenaorysts of sharply

soned plagioclase may also be present., A few plagloclase porphyries with subore

- dinate ferromagnesisn phencorysts have been noted, Amygdules containing calcite,
quartz, and prehnite have been found. (me or two dikes studied in thin section
" - bave a few rounded patohes of antigorite that mey be pseudamorphs after olivine.

The plagioclase ranges in composition from sodic bybownite to ocaleic andesine ’

with sodio labradorite the most common, The augite has a distinot yellowish tint L

but is not strongly pleochrois nor does it have noticeable dispersion. Its optio ‘

angle ia moderately large. Hypersthene is not common, but where i:ruent haé s .’
These rocks generally show distinot to strong alteration, Beyond the zone -
noticeably affected by 1ntm316§1 of the ultrabasio oomplex this altoration‘gonennyA

.* oonsists of chloritization and replacement by oarbonates and secondary quarts and
- albite, Some .dogroe of amphibolitization mey also be due to regional mtnmérphim, :

. '
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| of plagioclase and alteration products with abundant fine-grained pale ampﬁi‘bolo.

‘ They are strongly zoned and the inner zomes range up into bytownite, A iit‘;ie -
) - penninite is present in thin veinlets, a few wgdaioidal grains of quartz were
'notod, and among the alteration products present in small peroentages are: '

LYoy 140 ©
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but amphibolitization becomes muich stronger as the complex is approached and it

LEFTAE: NS B AR S

is difficult to sey how far beyond the complex this effect om-bo attributed to | i
contact metamorphism, ' | ’

As the cm;phx is epproachsd amphibolitizetion becomes very notioceadle :I.n
the dikes, and in many of them the groundmess is converted into a ragged aggregate ‘
of green hornblende with only remants of the original plagioclase laths, Within |

e few hundred feet of the .complex granoblastie aggregates of diotite replece some

of the hornblende, Several specimens examined in thin section oonot;ted from .
dike‘c within a few yards of the outer mergin of the gabbro 4r1ng of the complex
along the eastern side show strong to complete granulitization, The contact meta-
morphic effects produced on this group of dikes by the bomplo'x proves that they
antedate the complex, and if genetically related to the oomplex must be forerunners
of the ultrabasio intrusion. The youngost rooks out by them in the Blashke Islands
are Silurian. Their correlation with other intrusions is not imown, |

A chemical anslysis is given for a dike rock of this group.  The apooimn‘

selected for analysis came from a hornblende porphyry dike about 4 feet wide cut-

_ ting e coarse oconglomerate. The dike has a distinot-linear flow struoture shown

" by a noticeable preferred alignment of hornblende phenoorysts., The dike elso

contains abundant inclusions of country rock. The groundmass of the dike or&ginallyf
oonsisted of a sub=-vphitic aggregate of plagioolase and & ferromagnesian mineral,

. Amphibolitization has given the groundmase & very ragged texture, and it consists

4
The feldspar is partially altered. A few small phenocrysts of feldspar are present,

s

c
o

€

‘actinolite, penninite, zoisite, albite, muscovite, sericite, and leucoxene, . The

. . .
' f analysis appears under column B of table 2 with the norm and mode. In chemioal .°

*

oomposition 1‘5 falls within the range of many common saturated dolérijhu. D
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Diles younger than the complex

Near the entrance to Spud Bay on the southwestern side of the ocomplex the
dunite 4s out by several dikes up to 5 feet wide, The dikes are aphanitio and
weather almost the same color as the dunite, but the joint!.ng lnd surface texture

“ 48 distinotive. Mhu of the same rook mtorop near the lower end of Trap Bay

where they out thin bedded to cong].omntic low-gnde metmrphosed s.rgnlitu.

These dikes are’ the only consonda'hod rooks tounﬂ in the' area youngor than the

Feomplexs - chu ol TETT

The rook is vory dark 'brown:\.lh-‘bhok in hand apeoimnn, weathering to a smooth
reddish<brown. Th texture is sphanitis. Antygdulea o!f oalo;tc and geolites are
abundant, In thin section the rook has an intersertal hypoorystallins texture
made up of abundant laths of plagicolass, small, ya11-f§£nod orystals of titan-
augite, and abundant, small, sub-rectangular grains of ore - probably ilmenite -
in a base of yellowish~brown gl_au. - The oores of so'md plagioolase are sodio
labradorite. The t.ltanmgito has a moderately n;nn- optic ;.nglo, strong disper-
sion, and a distinot levender tint, A 'ohemiqn analysis, norm, and mode for this
rock are given under column ‘22 of table 2, | |

This rock oompares olosely with the petrographiec descriptions given by
Buddington (Buddington and Chapin 1929, p. 273) for several dikes of Tertiary
age from nearby islands. The rock is chilled against the dunite of the Blashke
Island conplez, and so there 5.: 1ittle doubt that it belongs to the Tertiary
basalts and andesites rooogni:od by Buddington. The ochemioal analysis shows it
to be a somewhat allalic, distinotly oversaturated andesite-basalt melaphyre.

It is believed to have no genetio connodfioﬁ_with the %onplex.
~ Struoture and deformation of the complex and surrounding rooks .

The lower Paleoszois rocks invaded by the Blashie Islend complex underweat

strong folding and some metamorphism in at least two different periods prior to

&
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the intrusion ol “‘he complex. Subsequent to the roiding, high angle taul'éing ’
., and some minor thrust faulting took place and many of the faults and fractures
steming from this early period were invaded by doleritic dilnac. The area falls -‘ i
within the province of a mjor struoture that Buddington (Buddington and Chapin, .
A 1929, pp. 310-311) has ca.nod the l’uhenrot anﬂcl.tnorim dner.‘.bed by him as 1 ‘
- ‘a northnrd-plunging mjor ctruoturo in whioh the nquonoo of formttom is re-
poatod many tines by olose folding. ‘ ‘ o o
| Fo evidence is seen in the Blashke Islands for an unconformity between the
.. Ordoviofan rocks and the lower of the two Silurien sequences that overlis the
Ordovician., These two units are Iithologically gradational ina broad sense mnd
" . eappear to have been folded and metamorphosed together. Throughout the islands
| >thoy sttnd> et high dips end their attitude changes abruptly from place o p]..un .
indioating olose folding. _ ' ‘
| The overlying Silurm unit appears only in two limited areas at the northern g
.— - . ‘end of the Iclo.ndc. I'he attitude of this sequence of rocks apnd the fa.ct that it
appears 'in contact with both tho Ordovioiun rocks and the older snm'io.n rooka
indicatee that a pronounced \moonfomity intervenes between the two Silurisan units.-
Strong snpporting evidonco is seen in the lithology. The lower of the Silurian
- units is somewhat metamorpboaed and oontaing et leaat one bed perhaps 30 or 40.
feet thiok of mdonteiyﬂcoarso, completely recrystallized white ‘mrble.. Outorops .
of this marble were found far beyond the range of contact metamorphism effected
by the complex. The upper of the two Siluriu; formations on’ the other hand cone
sistc in part of laminated to thin—bodded dove-gray to white limestons huving a
rraoturo cleavage where aomhut shaley but showing no evidence of recrystallise-
tion, However, this formation has also been strongly folded. All of the Paleo=
gois rocks are cut by faults and dikes belonging to a sequence older than the
ultrabasic complex. .
.; . The intrusion of the complex eppears to have ocaused further defomtion.
Buddington (Buddington and Cha.pin, 1929, p. 310) states; ’



. * gabbro is shown on the geologic map by a symbol and by the alignment of the dashes
.. used to designate this rook. Weathering locally brings out a orude platy or slabbj :

= s s . k|~ v it
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"0n the Blashke Islands the beds are domed up by an intrusion of dunite and
assnciated dioritioc (i.e. gabbrole) rocks, and Ordovician graywacke is exposed

on the borders of the igneous stook within a belt of the Silurian greenstons."

The dome-like relationship is true in a dbroad, general sense, the intrusion of

the complex apparently having either caused an upheaval of the sequence into -

which it was emplaced or having followed some s;truoturo previously produced by

a strong transgressive mass. The abundance of pyroclastic material in the lower

of the Silurian units suggests that if a preexisting structure was used it might
woll have b&an an old voloanic vent. In detail the structure is a good deal more
complicated than a simple dome, Deformation becomes strong in the vicinity of

the complex. In general the attitude of the bedding swings into orude conformity
with the outlines of the complex but there is much orumpling, 'diaturbanoo, and
obliteration of bedding, The bedding does not form a simple dome-1ike sheath
around and over ;bhe complex. looally beds seem to strike into the complex and

be out off, but metamorphism near the complex makes this hard to prove. The evie -
denoe 1ndict;tee that the complex is strongly transgressive, but at the same time

bas had a powermi upward«dragging effect on the rocks it traversed.

The internal struotures of the complex have been described in connection .

~with the description of the rock units and their relationships to one another, e

pages 16 to 58 , The orientation of banded or thinly layéred struotures in the

structure in the olivine augitite, wehrli.té, and sugite dunite, Where this struo- -

.ture is pronounced it is indicated by a symbol on the map, The relationship of ‘

" this etructure to tlu\,- configuration of the complex is not understood, but ina . - -
voi'y crude and looally self-contradiotory way it has a rude dome-like pattern. . "

Yery similar ultrabasic complexes described by Dupare (Duparc and Groasot,. 1916,

_ pe 227) and Camsell (1913, p. 68) show definite evidence that a dome-like shsll

-

of pyroxenite originally ocompletely surrounded the d\mite; ‘Camsell aptly likens - °
the structure to & hard-boiled egg with a yolk of dunite enclosed in pyroxenite, .

4
- d

v
T

.
]



B o G it e D T e e e e - O ) OO0 o e tm———— .-

144

In the outorops of pyroxenite along the western side of the inner Blashke lagoon
some small bosses of dunite a few yards across appear beneath what is at least
locally a gently dipping undulating contact between dunite and pyroxenite. The
narrow exposures of olivine augitite in ocontact with granulitized country rook
on the main island at the nortiwestern edge of the oouple‘x seom to show the augie
tite dipping at a moderate angle beneath the altered country rock. The exposures

are not good enough to be oompletely sure. The sum total of the evidence points
toward the complex being & steep-walled oylindrical mass with many local pro- -
-tuberances and ro?ntrgnte both horisontally and vertiocally. This ocylindrioal
structure probably passed 1n§o a steep domal struoture not far above, and locally
at, the present level of exposure, . '

Exoept for faulting, the Blashke Island complex has escaped significant defor-
mation subsequent to its .formtion. A strong series of northwest to north-trending
faults has caused horiszontal displacements of as much as 1,000 feet in some of the
contacts between rook units in the complex. There is no way of estimating the

amount of vertioanl movement. It may have been nry large, or the faults may be
'largelyitea.r faults, Where these rauits pess into the ultrabasic roocks broaé

. shear gzones of closely spaced sheeted,fraotures are formed and some strong faults

| apparently die out in this kind of struoture. Loéally very striking brecoie rones |
and fault breccia conglomerates have been developed, Strong faulting and shearing
has out out and obscured some of the contact between the ocomplex and the enclosing
rocks on the southwest border of the complex. A remarkable fault breccia conglom-

~erate oonslsting of auglite dunite and dunite fragments in e pulverized and sers
pentinized dunite matrix is shom in plate 14, This breccia outox:op'a onfho? -
western edge of the most southerly island inocluded in the complex. This u.xd other’

shear sones are indiocated by a symbol on the map.

.

. the Tertiary dikes that cut the complex. These dikes appear to have been diiplaood .
3 by the faulting. This system of faults has had a strong control on the erosion '
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of th;o Blashka Islands evidenoced by the mumerous inlets and bays that follow
its trend, ' o L ‘:"“""

Tho system of Tertiary faults proved ¢o exist on the Bluhko Ishnde may
throw considerable light on a problem of southeastern A.hsh geology that has
exoited some interest, namely the struotural control for such major r.ea‘burol-u
Clarence Strait, The islands ’lie in the middle of Clarence Strait and the fault
system parallels f;he trend of the strait. The strait may have been controlled by
& prolongation of this closely apuoed..ysﬁn of Tertiary feaults.

The last structural event, or geological event for that metber, recorded on
the Blashke Islands is something ‘nn the order nt.lo to 20 fost of post-glacial
uplift, At several points on the islands, noﬁ.bly on t!n‘.nor'th end of Bivouae Bay,
there are unconsolidated banks ‘of‘ lignitic mud ocontaining abundmt’ shell fragments
of recent aspect lying 10. to 20 feet above present tide level,  These shell beds
. mst xm. boen romd and uplifted #inoe ghnial times boca.uso -they eould not have

;vithltood derbruotion dnring 5hoiation. m&dington (1927, pp. 45-52) has dosoribod

.nuneroul sea-cut platforms uplifted eince ghehl +imes by about the same amount '

' throughout southeastern Alaskme
Summary of ths petrology and mineralogy of the Blaghke Island complex |

The mast obvious feature of the Blashke Island oomp].éx is the arrangement of -
~ major rook units in concentric ringa with the most mafio rooks in the core snd .
successively loss. mafic rings cutward, Bach sucoceeding ring is marked by the
a.ppeu;moe in esgential proportions of new mino*al phases. . The core of dunite
contains olivine as its only essential primary phase. Augite is the dominant

- phase in the olivine augitite ring. FPlsagioclase, and to 'aom extent hnmblom,

" play the leading roles in the gabbro ring, Hypor:thone and biotitc appoar in the

| '--gabbroio greanulite, and the gnnuutu gnﬂo outward into gmm‘bono volcanics c.nd

.sedivents of low metamorphic rank. ' o o ‘ '

- e
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;poorar in magnesium and richer in iron. Augite boccn;o poorer in magnesium and

‘and biotite, caloium comss in as & major chemiocal conponent in 'wgwo and then in.
.‘ plagioolue, bu'l: the augite becomss poorer in caloium toward the iron-rich end of

related, systematic errangement of rock units,
: of the ocamplex. There 1s a hidden gradation in the composition of the component .

. bonnch.r!.es between rock types.

146

However, within this large scale conoentric zonal arrangement of rook types ,,
there is a hidden zoning that expresses itself in a shift, not only in the kinds
and relative proportions of mineral conatituents, but in the compositions within ‘

. each s0lid solution series that comprises a mineral phaso.. Thue the olivine booomes

richer in iron also, and the same trend is apparent in orthopyroxesne, hornblende,

its miation, and the plagioclase becomes poorer in ulci.un and richer in codinm.'
So each major rock unit of the oomplex is not uniform within itself, but undergooa s

2 shift in the composition of 1‘&3 constituent phases, This feature of the complex

r was first noted by George C. Kennedy in the preliminary investigation of the come .

plex (Kennedy and Walton, 1946, p. T7).
This kind of shift in the composition of the minerals paralleling tho'dovvlclrp-

" ment of a layered arrangement of rock types was noted by Waéer and Deer (1939b) in
" the Skaergaard complex and dubbed "oryptic layering". It would seem appropriate

to adapt this term to a conoentric zonal arrangement of rock types and call .the

shifting mineral ocomposition within the rook units of the Blashke Island complex,
“oryptie soning.” Sinoe the word zone does not have eny special structural impli-

oations, the term oryptio zoning can be applied to any systematioc variation in the ,
ocomposition of & mineral phase or phases related to a non-stratiform, gemtionnyf

Because of the oryptic zoning, each major rock unit in the complex is not

ctriotly disoreet and sharply defined, as would _appear from the simple petroloy oo

_ phases within each zone that is continuous with respect to each phase throughout
the complex, Thus there is a unity to the complex as a whole thnt tmscends tho

R P g.



1nto the following categoriess
' core and the olivime mugitite ring, . o 3 *,;»

"+ dunite and olivine sugitite, .

. 4. Dikes of augiti.‘bo in augite dunite and wehrlite,

. md gabbro., . . ’ S . '_‘. .

Tho effect of the cryptic zoning in the Blashke Island complex is to cause
the minerals of each solid solution series to become enriched in its less refrac-

‘tory components the further it is found from the c;en'bor of the complex, so that

the rangs of temperature in which each phasé is stable becomes progressively lower -
from the center of the conpld outuard.i Ms'progreasion from high=temperature

'rook ompononta tcnrd lmr-tompcuture :-ock ouponsnts is mrtbor expressed by
the appoarunce of additionul phuos chmotaristio of lower 'bonperaturu such as

orthoclase feldspsr, quarts, and sulﬁ.des 1n the outer mrgina of the oomplex.
Bowever, even ‘the mxteruolt rooks of the oomplcx have produced strong contact meta-
morphic effects on the enclosing rocks and are aoarcely to be thought of as low~
temperature rocks in the ordina.ry sense of the vord

On the other hand the concentric zonlng of the oomplex is not perfect either

"in regard to the distributi.on and homogeniety of rock types or in regard to the

ocryptic zon!.ng. ‘An overall asymmetry of the complex has been described, and u
detai.l with:ln ea.ch _zone of the complox thero are many i.mparfeotiom und unomuu
in the conoontric, arrangement of rocks, Those 1mperfec‘bionl and»a.nomnos fa).l .

-
¥ td

. 1. Inperfeotly gra.datioml to sharply diaoonti.nuws oontaots bemcn the d\m:lto

-

2. Inolusions of augi‘ko-rich rook in olivine-rich rook along the contaota be'anen ’

[}
H

S. Dikos of wehrlite and augite dunite ocutting both the dunite of the core amd : )

the olivine augitite ringe . ’ : ;‘ s

LT

T T T M

L

5. Sporadically distributed dikes and irregular masses of gabbroio pogmt:lte in

54

augi.'be dunite.

. 6« Gabbroie to hornblenditio dikes of the beerbachite group in olivine augitito

- g

o

7. Inolusionc of eountry rock in olivine o.ixgiti‘bo.

AT e e e,
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8. A sharp discontinuity and zone of weakness along most of the contact between
gebbro and olivine augitite. »
9. The local absence of the gebbro ring, and the presence of a slightly feldspathi;a
wehrlite at soms oratacts between peridotite and cmuntry rock. '
10. Strong textural and mineralogical veriations in the gabbro in various parts
of the complex. ' “ '
1l. A strong contrast between the wellwdefined intrusion brecciss and other features
charecteristio of sharp intrusive céntacts along parts of the contact between gabbro
and ccixntry rock, and the :va.gue, almost. gradational céntapots in other places.
12, Variations in composition in the gabbroio grenulite produced by contact meta-
morphism of country rocks. ‘ | |
13, Outlying dikes of gabbro and pyroxenite.

Furthermore the cryptic zoning within the major rock units ie far from perfect,
The change in camposition of olivine is .a.brupt near the contaot between dunite and
olivine augitite, and gradual within each of these units. A glance at the disper-
sion of wvalues for the oomﬁosition of olivine as correlated with relative position
in the complex shown in figure 8, on page 63, shows that there is a tendency toward
cryptioc zoning in olivine rather than a perfectly developed gradation outward in
olivine composition. The same is true of the other phases. Some of this dispersion
of values may be due to observational errors, but some is surely real. The augite
dunite and wehrlite dikes in dunite and olivine augitite are anomalies in the
oryptic toning. The composition of the mineral p&sea in these dikes ocorresponds
not to the rock in which they are emplaced, but to the marginal facies of the dunite
core, The beerbaohitosb and gabbroic pegmatites in the olivine augitite are also
anomalous with respect to the cryptio zoning in that they consistently contain
olivine and augite richer in iron than the host rock.

A strong concentric goning of major rock types is obvious from a glance at the
geologio map of the Blashke Island complex. A oorresponding tendency toward oryptic

goning in mineral composition has been shown to exist. .A tenable theory of origin

»
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of the Blashke Island oomplex must explain both the ooncentrie dmgmnt of rook

types and the eryptie rzoning, but it nust o:pltin oqun.lly nn tho umnos and

: v
T .‘.%

inporfootionc in the oontiguntion of the eonplox. R SUUC SRR B A

v
Chemfoal relationships
The zoning of the complex is reflected in the trends in chemical compoaitionv
“ of the rooks. Chemiocal analyses of 12 rocks belonging to the complex, an outlying
gabdbroie dike rook deubtt‘uny relatad to the complex, a.nd en andesite-basalt mela-
':phyro belonging to o. gz-oup or Tortiary dikes unrelated to the oonplox are givon in
table 2. Variation diagrams of the ma jor and minor components are given in figures -

18 and 16,

these '
In vu.r:htion diagrm the molecular ratios of the constituent oxides are

| plotted agp.inct the moleocular ratio of silica plus alumina. The reason for plot-

ting the oxides against silica plus alumina rather than against silica alone is N
because the séquoncé of rocks ineludes p'oridotites that are virtually nonealuminous, .
and feldspathic rocks with substantiel percenﬁg.s of slumina. Some alumina 1- '
present in minor amounts in augite and perhaps other minerals, but most of it is
present in plug&o;slan where half of the sluminum atoms mb;titxto for siliocon in
the structure. If the molecular proportions of silica elone are considered, a

B gharp break ocours in the varietion diagram between the fold-patb.it; and non-feld-
spathic rocke and the feldapithio rocks are telescoped into the non-feldspathio
rocks, overlapping them in silioa content and obscuring any consistent trend that
may exist in other components. _ .
_ | Actually there is a continuous 1nox;oaso in the number of atoms playing what
might be oalled the silica role in the rocks as we pass from the peridotitie inte
the gabbroic rocks of the complex, if the dual role of aluminum is ;:ahn into
account, By adding the moleoula:r number of Al203 to that of Si02 half of the total
aumber of aluminum atoms are assigned to the silica position, ﬁlle by plotting the
molecular ratio’ of Alp03 againet smg plus Al303, the wariation of alumina playing
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the so-called "basic" role in accounted for, This is true because the total number
of molecules of Al,0x is just half of the total number of atoms of aluminum,

Figure 15, page 161, the variation diagram for the major components of the
rooks, shows all 14 inalyses plotted in the manner desoribed. The major rock units

forming the successive rings of the complex are dunite, augite dunite, wehrlite,

olivine augitite, gabbro, and granulite. These rocks are desipnated in fargo capli-
tals at the top of the diagram, and the points showing the wvalues for these rocks
are connected by heavy vertical lines. Analyses for minor rook'typos and varients

of the complex inolude en augite dunite .dike about four inches wide sharply croasse

‘ ocutting olivine.augitito, a wehrlite dih about two inches wide sharply cross-cut-

ting dunite, the remarkable diopside-garnet dike rock given as specimen 390, item

* 103, table 1, page 29, & hornblendite dike considered to be an extreme variant of

the beerbachite group given as speoimen 99, item 112, teble 1, page 29, a oompasite

" . sample from several comrse d:lloes and masses of gabbroio pegmatite in olivine augi-

tite, a hornblende gadbro porphyry from a dike several thousand feet from the

complex cutting the country rooks and doubtfully included with the rocks of the

‘complex, and the most alkalic and siliceous rock collected within the complex and
- . apparently bolonging to the sequence of rocks in the complex consisting of a vein

- or thin dike about an inch wide rollawing a major joint set in olivine sugitite

near the outer part of the ring given as specimen 261, item 117, table 1, page 29.:

These minor variants of the complex are designated in lower case at the top 61‘ the

. diagram and the points showing values for these rocks are connected by thin ver- .

_'tioal lines. The analysis for the andesite-basalt melephyre is also given and

designated by lower oase. The points for this analysis are oonnected by a thin .

| dashed line.

The major trend of chemical variation in the complex is established by the
ma jor rock units, therefore the solid lines showing the trend of variation for

each of the major oumponents are connected only to the points representing wvalues -

for the major rocks. Thus it will be seen that the trend of variation in Mg0
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steadily falls from dunite to granulite, and that the values for augite dunite and
wehrlite dikes fall very oclose to this trend; but that the values for the diopside-
garnet dike rock or the hornblendite dike do not fall at all close to the trend .
established by the major rocks. The trend of variation is continued by dashed lines
from granulite to the hornblende-gabbro porphyry and the feldspathioc vein rock, as
they perhaps represent diffe?entiatea of ths complex, On the other hand the wvalues
for the Tertiary andesite-basalt melaphyre obviously have no relation to the trends

shown by the rocks of the complex, the value for lime falling quite by chance on

the trend line for magnesia and that for alkalies on the trend for iron, while

iron falle on the trend for alumina and only elumina shows any relation to the
trends of the rocks belonging to the complex. '

The strongest trend of variation shown by any of the nﬁjor components is the
trend sho;an by magnesia which drops steadily and wrly ﬁoarly on a smooth ourve
from dunite to the most siliceous and alkalic rock in the complex, Important devia-
tions froﬁ the trenf.i are shown only by the diopsido-g.a.rnet dike roock in which cal-
cium is abnormally high and magnesium abnormally low, virtually exchanging places
with eaoh other, and the hqrnBlendite variant of the beerbashite group in which

the reverse relationship is found with a drop in calcium content correlated with

higher magnesium content.
Calcium increases linearly in the peridotites as magnesium falls owing to the

substitution of augite for olivine as the major phase. However calcium reaches a
maximur in olivine augitite and falls steadily thereafter. The decline in caloium
i;s, of course, correlated with an increase in alkalies, mainly soda, owing to the
inoreasing proportions of albite in plagionclase, which becomss the major phase.
The behavior of iron is particularly instruotive., Unlike the other major
components it remains relatively stable throughout most of the ocourse of varia-
tion. The strong effect of the cryptic soning in composition of olivine and
augite is the main faotor in stabllizing the role of iron. O0livine and augite

are the principal iron-bearing minerals of the ocomplex and both minerals become
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progressively richer in iron toward the periphery of the complex, but at the same
time the minersls themselves becoms relatively less abundant so that the two trends
compensate to some extent for each other. Other iron~bearing minerals such as
hornblende, biotite, and ores play & part, but augite and olivine have the prin-
oipal role. A more or less constant tenor of iron is thereby effective in proe
gressively ::eduoing the .temperatures of crysts.‘luzation. of the major mafic phases
from the center of the complex outward. Among the major rooks of the complex iren
is at its lowest in the olivine augitite. .A variation diagram of the major rook
components based on Rosiwal analyses of the major rock unite computed from the
compositions of the mineral phases determined from optiocal data shows essentielvly
the same relationships as the diagrﬂm based on chemical analyses. This caloul;-‘
tion. shows that the ralo.finly low iron content of the olivine augitite is mainly
'.duo to the somewhat lower tenor of iron in the augite f"orming'the bulk of the

- augitite ring as against the iron content of the olivine in the dunite. As ‘long

as asugite is a major phase ﬁhoro may be some tendency for iron to vary x;ecipro-.
oally against caloium, | .’ -
Alumina is an insignificant component of the peridotitio rocks, With the
appearance of feldspar as a major phase it becomes e mejor component and shuows -
‘1ittle variation in the feldepathic rooks. :
. Three of the major componsnts, magnesium, iron, and the alkalies show &
more or less consistent trend aoross the diagram., The other twn, aluninum and
oaloium show a sharp breek in trend between the feldspathio and non-feldspathie
rooks, calcium abruptly ochanging from a steep upward to a moderate downward trend,
" and aluminum changing from very low but slightly increasing wvalues to relatively ° '
high and slightly increasing values. Chemiocally speaking, therefore, the major
break in the oomplex lies between the peridotites, or tﬁly ultraba;io rocks, and
" the gabbro. It is perhaps ai.gnifica.nt timt the major physiocal discontinuity ’

between rocks of the complex uvcours between these two units. The existence of a
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zone of weakness along the contast between gabbro and olivine augitite and the
lack of adequate exposures of this contact has been noted.

A variation diagram of the minor components of the Blashke Island rooks .ts.
given as fipgure 16, page 162, This diagram corresponds in arrangement to the
diagram for the major eomp;nents excopt that the scale of the ordinate showing
molecular ratios of the minor components has bgon mltiplied f£ifty times.

Chromium and nickel are mainly confined to the por:ldotiﬁc rooks, with nickel

_closely correlated with magnesium doubtless due to its presence in small amounts

in olivine, while chromium is relatively high in all the peridotites and is present
chiefly in chromits ‘n the olivinQ rooks and probably as a migor component of the .
relatively low-iron augite in olivine augitite, The role of ohromium in augite
has been discussed on page 79, . ‘ |

The oloseb correspondenoce between the trend of meanganese and that of iron
obviously indicates that Mgmso occurs largedyas a substitute for iron in a
definite equilibrium ratio. '

Phosphorus shows a distinct correlation with aluminum, It is a very low,

almost constant, component of the peridotites, and is several times as abundant

. andy with an important exception, almost constant in the aluminous rocks. The

exception ie the gra.nulife in which, as has been previously noted, the mincralA

p _apatite in ocoarse, anhedral grains ls exceptionally abundant, This is true to a

somewhat lesser extent in the gabbrolc pegmatite.

The most remarkable variation is shown by titanium, In the peridotites it

_shows a strong correlation with calcium, With the appearance of aluminum in signife- -

. - icant amounts, titanium inoreases markedly and is aéain more or less orudely core

related with oaloium in the aluminous rocks, but at a mioh higher level. In other
words, titanium shows a chemical affinity for caloium, but in much higher ratios.

in oaloio rooks that are high in alumina, In view of the world wide assooistion .
of 11nonite ores with anorthositic rocks this relationship may have broo.d signiﬂ-

- 0ance. : 4 —_— ; L

. : - .ok




Once a variation diagram has been constructed from a group of chemical analyses
the question arises as to whether it means enything. Constructing a diagram in-
volves taking a group of rook analyses and arranging t;mn in a sequence based on
the relative proportions of some important constituent. Ome thould not be too sure
prised then to find the other oomponbntﬁ falling into some kind of logioal order,
even in a group of totally unrolu;ted analyses chosen at random, because the other
components are all to some extent functions of the oomponont.; such as gilica,
chosen as the fw.ais for the diagram, and all rocks have to obey the same laws of
physical chemistry,. | .

- (nly when the sequence in which the analyses fall bears a very élosé relations
ship to uctuﬂ sequences of rooks that are related to each otﬁer in the field oamn
we assume that the variation diagram depicts a genuinely conneoted sequence of
chemioal variations. The niiation diagram for the major roock units of the Blashke

Island complex seems to meet this test. The major rocks fall in the variation

diagram in the same sequence that they are met with in the field, both in regard to

spatial relationships and sequence of formetion. Among the minor variants there

5;3 less uniformity., The augite dunite and wehrlite dikes lie so olose to the major
rock types to which they bear the relationship of apophyses in the field that there
oan be 1little doubt that they are either derived direotly from the major rock units
or have formed by the same process as the major units. On the other hand, radieal

to signifioant departures from the trend of variation are shown by the diopside-

garnet dike rock, the hornblendite dike, and the gabbroic pegmatite, Some special

" eonditions must be invoked to explain their oonnec’cion; to the principel rook units.

Nevertheless the minor rocks fall in proper sequence a.'long the absocissa of the

" dlagram,

It is obvious that the andesite-basalt melaphyre that has been correlatod with
an extensive group of Tertiary bassaltic voleanios and dikes belongs to an ontirely'
different sort of veriation trend and probably is ocompletely unrelated either di-

reotly or indireotly to the gabbroic rooks of the complex, This conclusion is, of

’

oourse, supported by the field and petrographic evidence, .
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» and wehrlite dikes with the major units of the complex, and the divergence from

- the major trend shown by the minor dike rmh. .

S T PN

The chemical analyses have also been computed to von Wbiffiparaietora and °
plotted on a von Wolff diagram in figure 17, page 158, The tun ‘imrr diagran
also brings out the sharp discontinuity between the peridotitic and the feld-
spathio parts of the sequence owing to the fact that ons is osoqntially & none,
aluminous sequence and the other aluminous, Where alumine appears as a ma jor
component, a corresponding percentage of calcium is subtracted from the chemical
components used in oonp;xting the M, or melanooratic, value in the von Wolff system
end added to the compoﬁcnts making up the L, or leucocratic, value. Where alu-
nd.:.n comes into the sequence abruptly, as it does in the Blashke Island complex,

.o a sharp off.ae.t.ih.thp trend must appear in the von Wolff diagram, but an essen-
"~ " t4a1 parallelism of trend’is maintained, This is not to say that a suite of

rocks cannot be collected in the Blashke Islands ranging gradationally from
olivine~augitite with acoessory plagioclase through melenooratiec gabbros to the
typioal gabbro of the complex, but such a sequence would lie along the dashed

line between augite-dunite and gabbro and constitute a sharp break in the di--

o rection of trend for both parts of the major sequence. An essential discontinuity ‘
 in the complex between the peridotite and the gabbrolo rocks is therefore not
" bridged by the existence locally of mineralogioally transitional rocks between

" gabbro and olivine augitite.

The von Wolff diagram also brings out the consanguinuity of the augite dunite

&

The problem of origin of concentrically zoned ultrabasio complexes

The origin of ultrabasic roocks has been a lively source of controversy and

invention down to the present and no attempt will be made in this paper to survey

the voluminous literature or treat the subjeoct in a general way. It is obvious
at once that there are many kinds of ultrabasic rock masses not necessarily related

in mode of oriéi.n. There are the great stratiform complexes with ultrgbaaid layera,'
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Figure |7,' von w_olff diagraom of analysed Blashke island rocks.
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° Figure 17, Analyses plotted

Points joined by solid or dashed lines represent major rock unite of the

complex.

1,
2.
3.

4.
5.
6.

.

9.

10,

11.

12,

13,

4.
", augltite, speoimen 261, column Q, table 2. {

Dunite, composite specimen, column A, table 2,

Augite dunite, composite epecimen, column B, table 2,

Augite dunite dilkes outting olivine augitite, composite specimen, column C,
table 2. , | L

Wehrlite, composite specimen, column D, table 2. _

Wehrlite dikes cutting dunite, composite specimen, colum E, table 2. -

Augite dunite, ocomposite spe(;imexx', column I, table 2,

Diépsido-garnet dike rock outting olivins augitite, specimen 390, column M,
table 2. ' o

Hornblendite dike of beerbachite group outting olivine augitite y Specimen 99,

» .
by -

column P, tatle 2.

:
b
<

Gabbro, composite specimen, column U, table 2.

AGa.bbroio pegmatite dikes and irreguler bodies in olivine augitite, composite

' specimen, column L, table 2, ) | ’ _ o o

.Gabbroic granulite, composite specimen, scolumn Y, table 2.

‘Homblando porphyry dike outting lower Silurian conglomerate and belonging to
" doleritio dikes older than the complex, specimen 453, column %, table 2.
AAndesito-bnsalt melophyre of Tertiary dike group; specimen 474, column £8, B

table 2, _
Feldspathic vein rook ocoupying early formed flat lying joint in olivine -

s e R v,
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the serééntine intrusions, the isolated bodies of one kind of ultrabasio rook

‘ or motﬁer with or without strong contact effects on enclésing rooks, the con-

A‘ ‘centrioyally zoned complexes, and various irregular and transitional types. In
‘mode of emplacement, ultrabasic bodies range from sharply transgressive to fully

eonop;fdn;:t. They oocur in regions wherot:zootonio setting ranges from intense

dofomﬁﬁion and metamorphism to relatively undeformed u}d unmtmrphosod.‘ In -

- explaining the origin of the Blashke Island complex we are concerned only with .

vt concontrioany zoned complex, but there may develop implications in regard to _

. ‘other ultrabasic and basic rocks, -

<l Theories of origin have shown at least as great a diversity as the rocks

.themselves, and this is perhaps es it should be, except tha.'l;. there has been a

. "b'endenéy‘ on the part of the theorists to extend tﬁeir theories beyond the rooks

" to which they were applicable, thus encountering fristion coming from other di-

rections, At the present time sanral min lines of approach to the problem can

‘  be dfscerned. They fall into the follminé main groups;‘ ‘ o

L 1le Crystal fractionation of an ordinary basic magma with subsequent modifioation |

4 pf the accumulated ultrabasisc crystal fraction to fit the oiroumstances 1n whioh -

it s found, | V o

2, Other kinds of differentietion of an ordinary basic magma with subsequent

. modifica.tidna to the ultrabasio fraction. N

 \3. Cold or luke-warm intrusions of serpentine, onvine lubricated by ser P“tm"

or olivine undergoing plastic deformation.

. ','4. Various kinds of origim.l ultrabasio magne, ospooiu.lly one approaching ser="
o fpent.’mo in composition. o - ‘
*. B. Vetasomatism.

In the author's view none of these general approaches have been applied fo

. ovnoentriocally zoned ultrabasio oomplexes with notable success. Howover, muoh of

" the extenesive Russian literature has been inascoessible, and it is in the Urals

] "_"‘"'* that many of the finest examples of this type of complex are found,

£ ] E— - -
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An interosting light on the problem of concentrically soned ultrabasios is
thrown by Dupare (Duparo and Grosset, 1916, pp. 226-227) whose conclusions regard-

ing the origin of the Uralian complexes was stated as follows in 19163

"Il parait incontestable que la differenciation s'est faite en domnant tout d'abord
naissance aux gabbrox, aux norites, et sux roches subordonnées, ce qui a eu pour
résultat la fixation de la presque totalité de 1'alumine, des aloalis et d'une grand
partie de la chaux. le magma est ainsi devenu riche en fer et en magnésie et pauvre
en alumine et en aloalis, ocondition favorable pour donner naissance aux pyroxunites
par une nouvelle différenciation qui eura, comme contre-coup immfdiat, la séparation
de la koswite et des tilaites; 1a premiére, par addition au pyroxsne et i 1l'olivine

de la scorie ferrifére restée libre et qui entraine avec elle une partie de l'alumine;
la seconde, par fixation de restant de l'alumine et des traces d'alocalis, comme
plagioclases basigques. Des lors le magma epuisé en sesquioxydes, est devenu essen-
tiellement magnésien, la 'totalite de la chaux eyant en effet été fixee dans les
pyroxénes et dans les feldspaths. I1 se trouve ainsi danes des conditions favorables
pour donner najssance & la séparation massive d'un 8illicate ferro-magnésien, o'est-a-
dire a de l'olivine compacte; ctlest donc la dunite qui va dans ces conditions repré-
septer le produit ultime de la différenciation megmatique. Il paralt hors de doute
par ltexamen fait sur le terrain, que oces différenciations successives sont oone
centriques, les gabbros a la périphérie et la dunite au centre. L'existance de
chapeaux de pyroxénites sans racine, isclés & l'intérieur des massifs dunitiques a
proximité immédiate de la oeinture pyroxénitique qui ciroonserit ces derniers, on

est une preuve évidente." ,

To modern readers this §tatomsnt will appear naive in the extreme, reversing

as it does the complete sequence of stability relations that has been established

for rock-formingsilicate assemblages. In faot it must have seemed so to many pet-
" .rologlsts at the time it was Written. Dut with 1t the present writer strikes one
note of complete acsord. The ooncentrically zoned ultrabasic cumplexes certainly

look as if they had formed in the order suggested by Duparc. Therein lies the rub.

Camsell (1913, pp. 67-68), writing at sbout the same time as Duparoc about a
zoned complex in British Columbia, recognized the problem and foreshadowed certain

aspeots of a solution that will be developed in detail in later seotions of this

paper when he wrote;

"The process does not appear to be simply a cese of fractional crystallization
and gravitative adjustment, because the stuok should then show a separation along
horizontal lines instead of, as it aotually does, an acid shell around a basic core;
but it appeers rather to the author as if thermal convection currents had been set
up in the magme chamber, and that, in the migration-of the material around the
chamber, certain minerals of the mapgma froze and separated out along the cooler
walls. Such a process of separation is frequently made use of in chemistry and has
been suggested by Becker as applioab}e also to igneous rooks, This process would

i
.
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involve fractional erystallization to some extent, but the final effect would

be that which now obtains in this stock, namely, a core of peridotite surrounded
on the top and on all sides by a shell of pyroxenite. 1In the broader parts of
the stock the top part of the shell has beon eroded away, exposing the peridotite
core, while in the narrow parts the pyroxenite oover still protects the perido=-
tite ocore of the interior. To use a simple illustration the stock resembles a
hard boiled egg, the peridotite being equivalent to the yolk, and the pyroxenite
to the white of the egg.

The composition of the original magme was probably intermediate between that
of the two principal types of roocks, and the small dykes whioch ocut these rooks,
‘and have such a composition, may represent pnrtiona of the undifferentiated me.gme.
injected into the oooling oraoks of these rocks." N

Modern readers familiar with the writings of Bowen (1915; Bowen and Sohairer,
1933 , pp. 391-398) will quail st the readiness with whioh Camsell aseumes a '
highly fluid peridotite magma and at the mechanism that he proposes, but the rock
relationships that he describes put' the problem squarely up to us. i

Hypothesés of origin of the Blashke Islend oomﬁlex

e
V. *
'

A conscious effort has been made thus far to oonfine this report to faocts and
rolationshipa observed inthe field and determined in the laboratory. Sut;h infer-
.ences as have been ma.dq have been of a limited and toatatiw nature and, 4t least
1n the author'a mind, ctrongly aupported by obsamd faots, The ob;}eo’civo has
been-to build up as complete a pic'bure as possible of the Bleshke Island complex,
colored as little as poui;blo by pre-conceived ideas of how it ought to be,

No doubt a number of superfioially applicable ideas for explaining the origin
of the complex have already bsen effectively oliminated from serious consideration -

by the obvious implications of the obaemd faots., For example, the hypothesis

. of & cold intrusion is refuted at‘onoe by the strong thermal metamorphism around

the contacts, but for the sake of completeness there are set forth below all of
the general kinds of fxypotheees that have occured to the author as possidly ex-
plainihg the or'lgln of the complex, though some are admittedly far fetohed on the

face of it, This listing of general kinds of' possidble explanations begins with

purely mechaniocal and structural schemes, followed by ideas involving both struce

tursl and ohemical processes, and concluding with hypotheses that are largely

chemical, Naturally most of these hypotheses are derived from ideas current in
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geologio literature. An attempt will then be made to eliminate thnse that can

be shown to be untenable and develop in detail an hypothesis that the present
author frankly fevors. |

l. The complex was emplaced as a s0lid mass of serpentine or plastioally de-
formed olivine. | z

2. Tho complex represents a sequence of separate intrusions having a r:uig dike
pattern. The successive intrusions may be entirely unrelaﬁd or related only

in & broad, general way to a regional oycle of petrogenesis.

3+ The complex is a sequence of ring dikes and a ocore. The successive roock
units were derived by differentiation at a lower level of ; eingle or complex
source-magma and injected in the sequence in which they were derived,

4, The complex formed by differentiation of a magma in en entirely different
pattern, say as a stratiform sheet, and was subsequently deformed by acute doming
into its apparently concentric configuration at the level at whioh it is exposed.
5. The complex 1z a cross-;ection of a lower 1ewve1 of a vertically extended

. megma column, perhaps terminating in a vovlcanic rock. Differentiation of one

kind or another resulted in the rising of salic fractions of the magma and the

sinking of mafic fractions whioh by virtue of the conveotion pattern set up,

" ocollected in a concentric ‘configuration near the base of the 'oolumn. ther

cross-sections at other levels in the column would reveal different rock types

' ‘and perhaps different patterns.
-6, The oomplex formed entirely by reorystallization and metasomatism of country

rooks acted on by some energetic agency diffusing outward from a central source

'
'

e 7. The complex formed from a mass of magma that was intruded into its present

position and formed concentrioc shells through some method of differentiation
that may have included sequential orystallization, vigorous rlee,ction with ene
: l

closing rook, and extensive differential diffusion of various oomponents along

strong temperature end concentration gradients. The magma was very hot but was
' v i . . ': R
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not necessarily entirely liquid. It may have been & polyphase magma con-
sisting of a mixture of orystals and one or more fluids, .
1. Solid intrusion

This hypothesis may have some acceptance because it seems to explain certain
serpentine masses, but it breaks down completely in the Blashke Islands. Strong
reasons for rejecting any deformation after serpontinizatioh have been given
(pe 77), and even if we admit that an olivine mass may be peculiarly adaptable
to plastic deformation before serpentinization, we must still account for the
magsive, coarse-grained, pyroxenite ring with its completely unsheared and un-
granulated allotriomorphic fabriec. The many minor irregularities, the gradational
contaots between dunite and pyroxenite, and the gabbro ring are stumbling blocks
to this idea. |

2. Separate unrelated magmatic intrusions

This hypothesis may be rejected almost summarily, From the regional point

of view it fails to explain the close aésociation in a few well-defined isolated

complexes with a systematio conoentrioc structure of the dunite-pyroxenite-gabbro

- sequence without the random development elsewhere in the region of independent

dunite and pyroxenite masses with different associations. It involves the
oreation of two highly specialized magmas, one pyroxenitic and the other dunitie,
capable of independent intrusions. It can be made to fit the pattern of oryptiloc

zoning and systematic chemical and mineralogical variation shown by the complex

. only by assuming a complioated sequence of interaction and mutual contemination

between the successive intrusions. The overall petrologic, mineralogical, cheme

i0sl, and structural unity of the complex belies such an adventitious origin,.

3. Ring dike sequence differentiated at depth

The original magma in the Blashke Islend complex can have been no loss mafie

than & strongly undersaturated gabbro, for from it substantial .ultrabasio freo- -

* tions must be derived leaving a normal saturated gabbro as the most aocid fraoc-

tion of any quantitative importance. Before injection.took place & substantial

- part of the differentiation must have teken place in the magma chamber because
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the gabbro ring is largely composed of saturated-or only slightly undersaturated
gabbro. Cauldron subsidenoo as & ring fracture of a bloock of oountry rock must

then have ensued with the upwelling of the gabbroio fraction. The mechanism seems
feasible up to this point; but here it meets fatal difficulties. From this point
on, the subsiding bloek must displace first pyroxenite and then dunite, for pre-
sumebly these later fractions of the magma differentiated by fractional orystale-
lizetion and exizsted in the magma chamber as dense mushes of so0lid orystals, Other-
wise a method of differentiation must be devised that can produce liquid fractions
of relatively pure dunitie and pyroxenitic ocomposition. It would be beating a

dead horse to push the ring dike Ahypothesis any further.

The ring dike mechanism is independent of active mmeiw pressure and de-
pends on upward displecement of magma by subsidence of a crustal block into the
magma chamber (Richey, Thomas, end others, 1930, pp. 58, 59). A somewhat more
convincing hypothesis along the lines of a ring intrusion diffonntiaﬁed et depth
can be made out if the passive mechanism is abandoned and it is assumed that the
gabbro was intruded as . plug into the enolosing rocks, that this plug partially
solidified around the margins, and that the still plastio oore of the plug served
as the avenue of least resistance for the forcible intrusion of pyroxenite follow-

ed by e dunite intrusion in'to the core of the pyroxenite., This is essentially

. the hypothesis offered by Adams (1903, pp. 281-282) to explain the oconoentrio

arrangement of rock type in the Mount Johnson intrusive of the Monteregian Hills.
The major diffioulty with this modification of the ring dike hypothesis es
applied to an ultrabasic complex lies in the nature of the supposed pyro;:onitio
and dunitio differentiates. It was pointed out above that dboth ultrabasic frac=-
tions had to be eithsr largely solid crystals or else liquid differentiates, for
whioh no possible mode of origin can be imagined, at least the writer can imagine

‘ none. Yo evi@onoo is seen in the febrioc of either the magsive dunite or thoi ,

pyroxenite in the Blashke Island oompiox for intrusion after being fully differe

" entisted and almost ocompletely solid. There may be ways of getting around this
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difficulty in the oase of dunite as has been suggested by Bowen end Tuttle (1548,
p. 456), but the coarse, allotriomorphic-granular, unstrained and unsheared -
fabrio typiocal of the olivine mugitite in the Blashke Island complex appears to ‘
eliminate solid intrusion or even' lﬁl;i-solid 1n‘§maion as & method of emplace~
ment for the pyroxenitic rocks. The successive intrusion of a differentiated
sequence fallg down on this score alons, but numerous difficulties involving
oryptio zoning, partially gradational to gradational contacts, and interdiking
of rock units are also present. The assumption that oryptio zoning end grada-
tional oontacts could be explained by reaction and assimilation between the suo-
cessive intrusions is untenable if they are differentiates of an original magma
because as such they are presumably already close to aquilibrium with each other
and no longer strongly reactive. |
'4. Doming of a stratiform sheet

This hypothesis can be summarily dismissed on the grounds that the complex |
shows no evidence at all of intense deformation subsequent‘ to its formation. The
thickness of the rock uni*i'.s involved as compared with the dimensions of the' ’ h
complex would require very strong deformation to achieve the present configura-
tion from originally flat-lying strata. » "

5. Differentiating magma column

Masses of dunite, wehrlite, and interbanded dunite and augitite are present
as inclusions in lava and ejectamenta from basaltic volcanoces (Macdonald, 1949,
po 1653) indioating that such rocks do form in voloanic conduits, although there
is no evidence that they ‘form .‘m.large bodies or concentrio oomplexes. If a
magma i1s undergoing differentiation by fractional crystallization in a voléa;xio
conduit along the lines desocribed by Bowen (1928, pp. 169-168) we may expect thé
early formation of olivine orystals in the 1liquid and their sinking to form
accumulations of olivine in the lower pa.rt of the conduit. The ’examples given

by Maodonald in the reference cited above show that these mocumilations can

aggregate and form masses with the allotriomorphic’granular texture characteristic
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near the core and exhibits strong flow struotures owing to the conveotive cir=
oulation it underwent, o ]
Some of the conoentrioally zoned peridotite complexes in the Urale (Duperq
and Grosset, 1915, plate I) are isolated bodies enoclosed here and there in
masses of gabbro uf batholithie proportions. It might be imagined that these
bodies represent heaps of olivine orystals superceded by augite or an ortho-
pyroxene that collested beneath places where the gabbro mass extended upward for
a oconsiderable distance ox; reached tho surfece in voleanioc vents. Olivine would
orystallize in the higher parts of the column and pile up below, Eventually the
supply of olivine would be exhausted and p&rozam would settle out and mantle
the pile of olivine, which by a process of partial melting and giving up of a
- 14ttle fayalite may be supposed to have sintered into ; steep-walled, solid
meg8 rather then slumping out over the floor of the ohamber. Finally the onﬁiro
 gabbro mass would orystallize around it, but 1t is difficult to ses why the
. great mass of gabbro should be oryptically zoned and pu'rged of normative blivino- ;
‘beyond the immediate vicinity of the peridotite without a proocess of o‘o.;mtm
" eirouletion and return of olivi'm-rrool magma to the chamber below,
" The hypothesis outlined above has the typically unconvinoing air of most
geological schemes that extend far beyond observable facts and seem to require

an exceseive amount of what might be styled "subterranean plumbing," but it may

. "'be soms oconsolation to those who see orysta.l settling as the only feasible

method of quantitative magmatio differentiation and basaltio magma a.s the only
. raw material., Among the problems that it does not solve is that looa.lly the .

L peridotite in the Blashb Islands is in direct oontact with country rocks and )

- - here the oountry rouk- ha'n nndergone a higher dogroe ot thermal meta.morphim )

than where they are in contaot with gabbro. Furthermore the process has to

'A - operate near the bottom of a long magma column, where presumably all the rocks
for considerable distances around were raised to high temperatures, not ;~)ust a.
_v tone a few hﬁndred foat wide. The intrusive relations of the marginal facies

of the dunite core toward both the dunite and the pyroxenite are not acoounted
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for. The many large and small irregularities in the dunite-olivine augitite
contact are not accounted for. It is difficult to believe that :\;oh & proosss
could result in such a high degree of mononinerals.o‘ segregation. The amount of
gabbro in the Blashke Island complex is disproportionately small, For the mechan-
ism as cutlined to be effective a conveotive cell of adequate dimensions must
oxist, so that right down to the oompletion of the process the central core of
acoretionary dunite and pyroxenite should be surrounded by a substantial ring of
ciroulating gabbroic magma. Gabbro is very irregularly distributed and loocally
present in a very thin zone or missing around the northern and western margins
of the Blashke Island ooﬁplox. Ve should expeot these complexes only in the
deeper gones of gabbroic magma ohambers end not in narrow necks outting sharply
through low-grade metamorphlc rocks. Where a mechanism of crystal settling and
oconvection has been well established as the effective process of differentiation
in a basaltic magma, of whioh the Skaergaard intrusion (Wager and Deer, 1939b)
is perhaps the finest example that has been worked out in detail, the result is
a stratiform complex, as would logically be expected.

Wahl (1946, pp. 417-441) hae recently advooated a mechanism of thermal dif=-

fusion and conveotion as a means of differentiating magmas under thermal gradients

"based on new experimental evidence of the effectiveness of the process. The pro-

ocess as outlined by Wahl is most effeotive in tall columns of liquids or gases
with restricted cross-sections, Wahl cites numerous experiments on solutions

and mixtures of gases that have resulted in the development of opposite ends of

the elongated chamber containing the solution or gaseous mixture of sepo.ré,bo :
" . fractions with strongly contrasting concentrations of various ions, atoms, or
.molecules. This differentiation of the liquid or gas is caused by a strong tome=

. perature gradient from the core of a long, narrow tube outward or from one wall

of nerrow elongated chamber to the other. The temperature gradient causes dif-
ferential diffusion of components and this results in density differences that

start conveotive circulation within the system. Wahl has suggested applioations
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of the mechanism to a 'nunbcr of differentiated rook ocomplexes, including several
that have a concentric zonal arrangement of rooks analogous to the Blashke ° ‘
Island complex,

The rock complexes cited by Wahl that have oertain points of similarity
with the Blashke Island»' oomplex are: Mount Johnson, Monteregian Hills, Canadaj
Almunge, ocentral Swa,dong Norra Kirr, southern part of central Sweden; and lhgnot-
Cove, Arkansas (Wahl, 1946, pp. 430-440). All of these bodies are relatively
stesp-sided and more or les_s cylindrical in form and have a sono;l arrangement
of rocks with basic oores and alkalic outer zones. Chemiocally there is consider-
able difference between these complexes and the Blashke Island ocomplex in that
they mainly show en enrichment in alumina and soda outward nnd lime ind magnesia
inward, Sods plays a subordinate role in the Blashke Island complex, alumina is
virtually absent from the two major inner zones, and withih these zones lime in- |
oreases as magnesia deoreases.

There is ons point about Wahl's applfcation of thermal diffusion and convec-
tion to concentrically gzoned complexes that, on the facs of it, is not consistent
with the experiments cited as-éxempl:lrying the process. The experimente, if this
author understands them correotly, involve setting up a temperature gradient from
«the axis to the walls of a tube oont;ining a ﬂuid solution or mixture. Under

tho influence of‘ the tempora.tum gradient & rela‘bivo ooncentration gradient from

" the center bumrd is set up between the conponanta, depending on their diffor-

© . ent rates pf thermal diffusion. At the same time & conveotion will be set up,

the fluid along the walls of the column sinking if its density has inoreased due

- to thermal contrastion or enrichment in a heavy oomponsnt or riaing if it has

" been surﬁoiontly enriched in a lighter component, vhuo ‘the fluid in the oenter

of the column will move in the opposite direction. In this way the fluid will
become progressively enriohed in one component at one end of the tube and in the

other component at the other end of the tube through a continuous oyclic circula=-

tion until an equilibrium is reached. At this point the bottom of the tube will -

HIER WYY
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contain a high conocentration of one component.and the top will ocontain & high

.

concentration of the other, but the concentration gradient in either oonpoliont

from the ocore outward at any given level in the tube will at all times depend

only on the differential rates of thermal diffusion and no oconosntric zonal cone-
centrations of one oomponent over the other can be expected iﬁ the system beyond
that produced by simple ‘bhérml diffusion.

If the above analysis is oorrect, Wahl may have pointed out a._véry effective
way in which magmas may differentiate into different fluid fractions at different

levels in a magma chamber, but without modification it appears no more effective

" than simple thermal diffusion alone in producing conocentrio zopal distribution

of rook types. However, Wahl points out at the beginning of his paper (Wahl,
1946, pp. 417-420) new experimental evidence and other ‘reasons for believing that -
simple thermal diffusion may be far more effective than has been generally b?-
lieved by many petrologists.

In view of the inadequacy of some of the mofe conventional explanations, the
process of thermal diffusion and oconvection proposed by Wahl offers a welcome new
approach to the problem of the conocentric zonal arrangement of rock types, and

until it has been applied exparimentan} to solutions more nearly approaching

. rock magmas we are not entitled to say on a priori grounds what its effects are
"liksly to be. For one thing, thetimsrmal diffusion and conveotion system set up
.4n rock magmas would oortainly'be modified by the onset of fraotional orystalliza-

' tion and the introduction of solid phases into the convedtion system. It would e

[

" also be modified by reaction with enclosing rocks.

8. Metasomatism

The author does mot feel fully enough at home in the finer points of "trans-

. ' formist" dootrine to even be sure that proponents of this process would olau;

such an origin for a complex such as the Blashke Island, but Reynolds (1943, p.236)

. has advocated replacement of oountry rook for the genesu of biotite peridotito

R R §
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and biotite pyroxenite and a suite of associated Sasic rocks, and laoroix

(1941, pp. 261-265) has shown that a narrow band of rock rich in forsteritic
olivine enclosed in a biotito' pyroxenite probably formed by pneumatolitioc action.
In the Newry complex desoribed by Reynolds the poridoﬁtae are associated with

a large mass of granodiorite and in Reynolds'! view have formed by the locelisza~

tion of iron, magnesium, and caloium ions in a so-called "basic front" advenoing

ahead of a wave of sodium, caloium, and silicon atoms that produoed the grano=-

diorite.
. It is true that the entire region of southeastern Alaske abounds with diorite,
quartz diorite and granodiorite intrusions. In fact it conteins part of one of

the largest of such masses known - the Coast Range batholith, but there are no

’ oxpoaed masses of any size nearer than 12 miles from the Blashke Islands, though

admittedly the waters of CIarenoo Strait could conooul other bodies of consider-
able size and any amount of it may lie beneath the present surface. However, the
country rocks.of the Blashke Islands and all the neighboring islands give no |
evidence for the proximity of & large intrusion with attendant aureole, unless

the Blashke Island complex per se is taken for such evidence. Therefore the

"author finds it hard to imegine how such intense and sharply defined localiza-

tion of materiel undergoing diffusion is possible without a tangible localized

‘source and will make no attemp’c to apply the transformist oconcept to an expla.na-

7. Differentiation in place of & polyphase ultrabasic magma,
the hypothesis of origin advocated by the author

If the Blashke Island complex differentiated in place from an intrusive body

of magma, and if the complex and enclosing rooks are assumed to contain fixed

* within them the ma jor part of the rock-forming components with which the original

. ‘magme wWas endmd, the magmea must have been much more magnesian and sub-siliocio

than any ordinary undersaturated gabbro., In fact it must have e.pproximted a

. wahrlite, and it is an interesting fact that at the only place in the Blaah]oa .
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- be unequivooally identified as granulitized country rock can be observed, the .
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Islends where an absolutely sharp contact between peridotite and rooks that can '

peridotite is a slightly feldspathic wehrlite (specimens 361, 362, and 365.,
items 89, 88, and 87, table 1)s It is not absolutely necessary tov assume that
the complex has not lost upward and beyond observation a substantial less basio

fraotion, In the ares desoribed ‘by Camsell (1913, pp. ?4-_?5) a sizeable body

- of augite syenite is contiguous with the ultrebasic end locally passes into a

gabbroic facies that grades mrginaily into the pyroxenite shell of the ocomplex,
although Camsell himself considorodvmost of the Byenite to be definitely younger
than the ultrabasic mass. Ia the Uralian examples mentioned above some of the |
ultrabasic bodies are surrounded by voluminous gabbro mssoﬁ. However the field
relations in the Blashke Island complex and in the other southeastern Alasks

peridotite complexes give no direot hint that the ocomplexes are connected with -

proportionately large, less basic differentiates., In the argument presented

below a relatively large amount of gabbro or other less basic rock is more dif- -

fioult to explain than a smell amount, granting the assumptions on which the

argument is based,
‘ If the anhydrous composition of an original magma were something intermedi-

ate between dunite end pyroxenite, approsching a wehrlite, several questions

arise as to the state of the magma. In regard to temperature we are entitled ‘

to assume that the magma was near the upper limit of magmatio temperatures during T

"tho intrusion of the Blashke Island ocomplex. Country rocks of low metamorphio

rank have been converted by contact with the complex into gabbroic granulite of

" very high metamorphic rank. Many of these granulites are fully comparable to -
* the granulites representing the highsst grade of thermal metamorphism sttained

in the celebrated Tertiary Aign'aoua complexes of western Sootland (MaoGregor,1931, 4

. pp. 506-521), Es.rly' estimates of magmatic temperatures of the gabbroio magma at

Mull were in the neighborhood of 1,400°C (Thomns, 1922, ppe 229-260), and the =

. geologio evidencs at Mull pointed to this temperature having been attained at

35 A R
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depth, not due to near-surface phenomena to whioch some deternminations of high
voloanic temperatures have been attributed, '

Thie estimate wes based on the supposed Q‘Eability relations of sillimanite,
Subsequently, Bowen (Bowen, Grieg, and Zies, 1924) showed that the. mineral teken
for sillimanite was actually a new minero.l, mllite, and synthesized it in melts
at tempc;mturec as low as 1050°C. (Bowen and Grieg, 1924) ;m the evidence at
Mull is uomcluain. Measurements of the tompor&‘hxro of basaltic lava have
ranged well sbove 1,000°C. but some of the higher measurements have been attribu-

ted to gas resotions at the surface (Jaggar, 1917). However, 2ies (1946) has

recently shown that the lave emitted from Paricutin is probebly at least 1,200°C.

and shown that gas reactions are not responsible for this témporature. The
present writer is inclined to socept Zles' estimate as a minimm for the upper '
1imit of temperature in hot basic magmas and suggests that & peridotite magma .
oould be expected to range substantially higher where evidence for high tem-
perature §on‘ba.ct effects is present, as in the Blashke Islands, 7
Present oxperimenﬁi data do not entitle us to say what the state of a

) ‘wehrlite magma under a vapor pressure of water appropriate to considerable depth

" in the erust would be.at s téemperature 300°C. or more above 1,000°C. Bowen and

‘ Tuttle (1949, pp. 435-460) have shown that no liquid phase exists in a system
.oon‘haining natural olivines with about 10 peroent. fayelite and.‘mter at a pressure |

of 15,000 1bs./in.2, equivelent to & depth of more than 2 miles in the orust,

and s temperature of 1,000°C. Several hundred degrees above this temperaturé, '

at much higher pressures, and with the addition of a good deal of 1ime, several

additional percent of silica anc iron oxide, and small a.mnunts of other nﬂ.nor

. oomponents inoluding other voletiles such as CO3, we can only speculate as to

‘the state of the magma.

It 1s not unlikely that the elevation of temperature and pressure, and the

addition of other components less refractory than lgO would result in the melting

of some, or pt;aaibly all, of the olivine and the sppearance of a liquid eilioate

- aan A
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phase rich in dissolved volatiles. Some h.';.ghly magnesian olivine might remain

as a so0lid phase in equilibrium with the liquid fraction, Another fraction of
the magma might exist as an aqueous gas phase. If a gas phase were present it
would be at a témperature and pressure far above the oritioal walues for water,
its most abuncient component, and would approach an aqueous solution in density |
and in concentration of non-volatile solutes (Morey, 1942) (Kemnedy, 1950). If
the gas phase were not actually present in the magma it might be potentially
present and escape from the magma where the enclosing rocks were permeable to
gaseous emantions, as suggested by Ingerson (1934). It 4is also possible that

the orystallization of the anhydrous silicates, olivine and augite, at relatively
high temperatures along with the lack of alkalies and excess silica in the original
magma would result in the retrograde formation of a supereritical gas phase after
orya‘hallimtibn‘ had progressed to some degree., The magma is thus ehvisiagod ag
a hot, mobile mixture or emulsion of two or more phases, It is possible thet a:

‘ supercritical gas phase, if not present initially, would come into existance
where the surrounding rocks are permeable to chemically active gaseous solutions
under high pressure, or as the result of crystallization at high temperature of"

" anhydrous minerals, or with the release of pressure as the magme escends into

*

higher levels.

The actual or potential existence of a gas phase may also supply the motive
power for the intrusion of the magma. The author has shown that some clastic |
. dikes are injected by a mechanism of elastic response to the opening of avanuea: ‘
of weakness where the interstices of the clastic material are océtipied by a
* - oompressed gas such as steam or natural gas (Walton, and 0'Sullivan, 1950).°

The injection of a hot ultrabasic magma into cold country rocks of qui;co '
different composition must set up powerful temperature, concentration, and ~
wpgx{:g’:menta. Under the impetus of these strong gradients a vigorous re;
action between country rocks and magma may be anticipated, with consequent mod-

ifications toiboth. Is it reasonable to believe that the kind of changes that

would take place could produce the Blashke Island complex?
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Certainly the modifications to the country rook are far from hypothetical.

" Low grade chloritic rooks containing abundant quartz and alkeli feldspar have

been converted into granulite of gabbroic composition. The geologists dealing -
with the granulite associated with the Tertlary igneous complexes of western |
Scotland have generally held the view that these granulites are produced by the
thermal recrystallization of basaltic 41am (Barker, 1904; Thomas, H.E., Balley,
E.B., and others, 1924; MacGregor, A.G., 1931) through which the intrusions passe
Thus little change in composition during metamorphism need be assumed, In the
Blashke Islands a variety of rocks inocluding laminated argillites and graywackes,
conglomerates, and woloanios have been converted into granulite, Mineralogical ‘
differences have been shown to exist between the metamorphosed facies of these
rocks (pp. 52-68), but all of them have achieved a mineral aasémblage approx-
imating gabbro, The detailed analyses necessary to mily demonstrate the point
have not been made, but it seems apparent that considerable changes in composi-
tion must have taken place in some of these rooks to bring them to gabbroic granu-
lite. Similar transformations have been coz;vinoingly demonstrated by Grout (1933),
who has shown that slates are converted to granulites approaching gabbro in
composition and mineralogy near oontacts with the Duluth gabbro, It is further
suggested that the conversion to granulite is only a part of the story and that

where the country rocks were open to an accession of volatiles, as along\ fractures

"and in more permeable beds, reorystallization has advanced to the point where

these rocks fully resemble gabbro. This origin is particularly advocated for

- - the highly irregular gebdbroioc rook commonly ocontaining some hypersthene and B

biotite around the western rim of the complex. It is also suggested that by an i

intensification of this process in especially favorable places, partial or complete

L fusion and solution has taken place to produce a fully mobile gabbroic mgma out . ;s -

of .gabbroizod country rock, The gabbro ring and neardy releted bodies of gabb}o

S

‘are acocounted for in this waye

[



" "be the ocase, 8sn that the migration of volatiles is inward rather than outward,

g ffom & fluid-saturated magma, might also be produced by an inward migration of

externally derived water. Of course the question is not merely hypothetical if
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Sosman (1950, p. 77) has recently pointed out that magmas unsaturated with
water will atsordb water from surrounding rocks causing a povemont of fluids along
a falling pressure end concentration gradient toward the center of the unsaturated
magma, There 1s no direct way of knowing if a magma such as that proposed here
would ﬂ; saturated or unsaturated with water., It is generally assumed that igne- ’
ous n;gmaa ars just saturated or nearly saturated with volgtilea where they origine-
ate, and the presence of the vblatiles is appealed to to explain their fluidity. l
When they are intruded into higher levels with lower coufining pressure and the
orystallization of anhydrous phases begins, it is thought that thexrelative vapor
pressure of the volatiles in the magms increases and that thaée is an outward
migration of volatile smanations, mainly water. If an ultrabasic magma must be

undersaturated with water and the situation is reversed, as Sosman suggests may

. we may sill envisiage the extreme gabbroization of the more permeable rocks sure:

rounding the complex, culminating in the creation of'gabbroio magma, fluxed by

incoming rather than outgoing water. The other effects suggested here as depend-

" ent on a fluid concentration gradient set up by an outward migration of fluids .

" the process of dif.erentiation outlined here were eotually operative., Une con-

dition or the other must have actually existed, However in the present state of -
knowledge, or perhaps one should say ignorance, it is not possible to answer the

question on the basis of direct evidence. Both alternatives may be entertained,

" but the author is inclined to believe that a magma capabla'of.emanating flulds

is the more probable. ' ‘ Q'

In order to oonvert country rocks into gabbro considerable changes must take

place in the ultrabasic magma., It must lose heat, and in so doing orystallize.

"+~ 8iliea and the alkslies must be driven out of the country rocks and ocalcium and

magnesium added so that a chemical interchange must take place between the oounfry

-
:
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rock and the magma. This interchange probably takes place by thermal diffusion
and also by the transport of materials in solution due to movement of fluids
along vapor pressure gradlents. One medium for diffusion might possibly be a
supercritical fluid phase, xiai.nly water, emanated by the magma and permesating
all the rock to some degree. _ |

The question of the efficiency of diffusion in 1iquid magma has been touched
on in the disocussion of Wahl's ideas on thermal diffusion and or;nvaotion. His
ocontention that it has been gravely underestimated has been cited on pages 170
and 171, Much new experimental work in this field is unpublished, but we get
strong hints as to its effectiveness from such statements as the following:

"At the laboratory thers was developed a liquid thermal diﬂaion process for
separation of uranium isotopes.” (King, E.J., 1946, p. 42).

Thermal diffusion in a supercritioal vapor phase of high density is another
matter. Experimental verification of the reality and a hint as to the possible
.,qulntita;tivo importance of this prooess is given as an interesting sidelight to
the paper by Bowen and Tuttle (1949, ppe. 441 and 459-460). Appreciable va.por.

transport of siliocs and iron in a matter of a few hours time are shown to have

-~ taken place, but Bowen and Tuttle maks what seems to this author to be an un-

necessary assumption in regard to the mechanism of the effeots observed by them, -

. They states

"It was found that conveotive ciroulation of water wvapor took place in the .

pressure chamber end in the tube conneoting it with the pump, even when the bore

of this tube for & considerable distance from the pressure chamber was reduced
to oepillary size. As a result of this circulation Si02 was abstracted from the

- charge and deposited elsewhere in the apparatus, and a definite change of come

position of the charge resulted, in spite of the faot that the solubility of
S102 in the vapor is excessively small. Moreover some iron oxide was at times

R similarly transferred to the sharge from the stesl parts of the apparatus. To

reduce these effects the small platinum orucible was covered with anmother cru-
cible inverted over it and telescoping with it in a very snug fit. Even with
this a.rrangamant tranaport of material to and from the charge was not entiroly .
oliminated.” _

(an, N.L. and Tuttle, O.F., 1949, p. 441).

Convective ciroulation in ocapillary tubes and around inter-looking orucibles’

oan hardly have been effective. The experiment seems  to prove that the transport
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. of 840, and iron took place by diffusion in the superoritical vapor phase. More-

,""

over, it is to be noted that it was iron that was transported, not iron oxide,

PR

The steel walls of a bomb can yield up onlyv atoms or ions of iron and oxidation

TRy EC e T

must have taken place by reduction of water in accordance with the equilibrium
relations that have already been discussed on page 127 in conneotion with eﬂ.da-
tion.of iron during carp"entmiution. If iron oxide had been available as the
raw material much more spectacular effects might havi been achievedybscause a
corresponding oxidation of hydrogen could have taken place preventing the attaine
" ment of o.n' equilibrium. In the case of silica it may be silicon that i.sr trang-
ported in one direction and hydrogen in the other with corresponding oxidationsi
at both ends of the system. The queation of whether it is c;)nveotion or dif-
fusion that took place is ﬁnporta.nt because if it were diffusion it means that
effective supercritical or vapor phase transport is largely independent of the |
motion of the fluid and the concentration of the transported substance in the
vapor phase, - If the effects depended on the streaming of the superoritical q
fluid or vapor, the low concentrations of most rook-forming compm‘xents that
have been ;hm to bs soluble in superoritical water vapor would require vorite.
V eble oceans of water to produce large scale effects (Kennedy, 1950). The same
thing is true to a somewhat lesser degree of the hydrothermael solutions thaf
figure so prominently in geologic schemes. The large-scale transportation of
materials inferred in contact metamorphism and oommonly attributed to pneumato=
lytie a;ction bear e'ioquent testimony that there is an effective process. Bowen's
experiment suggests that 1t is one of diffusion. 8Silica is yielded up to the
. superoritioal solvent in one part of the system and removed from the solvent in
” tnothar.' ‘l'hia is experimental fact, not theory. If they éat to the .point. of »g.- *
removel from the point of supply by diffusion, the actual concentration of
silica in the fluid at any one time may never be large, in faot it may n.t all .
times be minute but if the atoms diffuse through the fluid at e rapid ra.to ) |

’ large quantity of substance can pan through the fluid in low oonoentrationr .



The rate of diffusion may be by far the more important faotbr, for it seems
reasonable to suppose that the rate of diffusion in dilute superoritiocal solu-
tions is relatively repid, at least by geologioc standards of rapidity.
Supercoritical water vapor has a small, but appreciable, solvent power for
pure silica. It has been Qhown by Kennedy (1960) that this solvent powsr is a "
funotion of temboraturo and specific volume and continues to -increase with teme
perature as water passes from the liquid to the supercritiocal gaseous state,
providing the pressure is suffioient to prevent an abrupt change in specific
volume as the critical temperature is passed. In some more complex silicate
solutions the solvent power of superoritiocal water vapor may be vafy great,
Morey (1942, p. 987) states that some experimental results indicate over 50 per-
cent solid material in solution in supercritical water vapor for some composition
ranges in the system, Na20-Si0p-HzO., If apprecisble emounts of mon-volatile

solutes are present in a supercritical vapor phase, it seems reasonable to aup;»

pose that rates of diffusion would be relatively rapid owing to the high tem-

perature and low viscosity of the medium,

However the differential transfer of components need not take place entirely .-

by diffusion., If a pas phase containing non-volatile material in soldtion is

being emanated and is permeating the surrounding roocks, we may expeot that oertain.

‘ oomponents of the megma are more soluble in the gas phase than others and these

will be carried outward into the surrounding rocks to react with them and change

. their composition., The magma is thus improverished in some ocumponents and rela-

" tiveiy enriohed in other components that form early solid phases or remain in &

liquid phase with less penetrative power for the surrounding rocks. The liquid

' ~ phase of the magma may also lnorease in concentration toward the outer parts of

the magma body owing to the strong temperature gradient between magma and country

rock. Cooling of the outer part of the magma will oause an increase in density

and lowaring of vapor pressure of the liguid phase and liquid will move outward

from the hotter interior where the wapor pressure is higher to belance this loss

]
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of volume. Thus the density and oconcentration of the liquid phase will be |
greater toward the marpgins, and thé core will be enriched in those components

,\m present in the high-temperature solid phase or phases.

In the presence of an aureole of saturated fluid at high vapor pressure, the
strong tempsrature and concentration gradients between magms and country rock
' may be expected to result in the differential movement of components of both the
country rock ‘a.nd magma by diffusion and by bulk movement of the fluid phases.
At the same time, aufmg to the same gradients, different stability relations a.;'e
set up in different parts of the system so that different.'. solid phases may be
expected to be stable in different plaoés. The writer is not competent to

| ’ adequately analyse from the physical and ohemical‘ standpoint the effects to be

expected in the system, and indeed, muoh of the fundamental data for such an
analysis is as yet unknown. The writer can, however, outline what the effects
would have to be in or&r to produce the Blashke Island ocomplex, point out a

few reasons for deeming these effeocts possible, and hope that in time the physical
ohemist oan make the final evalustion. ‘ |

. Within the magma itself the first effect of the loss of heat and volatiles
mist be ‘the orystallization of the phase in which it is most nearly saturated.
There is little doubt that in the Blashke Island complex it was first chromite
and then a forsteritic olivine, The initiel orystallization of olivine should
ocertainly take place most rapidly around the margins of the complex where coole
ing is most rapid., However, other factors are working in the opposite direction.

Under high vapor pressures, heightened by the orystallization of olivine, there

will be an outflux toward cooler regions of fluid from the center of the mase

! whethor it is a supercritioal fluid or a liquid with high vapor pressure or two

fluid phases, one liquid and rich in siliocate components and the other gaseous

and aqueous. If there were a silioate~rich 1iquid phase much of the transport
of ohemical ocomponents can have taken place by a direot inorease in liquid oon-

centration in the cooler margins of the mass, the moving fluid carrying with it

-
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larper concentrations of more soluble components. There will also be an ex- .
change of components with the enclosing rooks. To explain the Blashke Island
complex we must assume that lime and silica, above all, were transported down
this temperature and fluid-concentration graﬁianﬁ until & more or less stoﬁdy.
state was set up in the magma‘with fheﬂinterior very hqy,‘relativaly éry, low
.1n lime aﬁd silica, and high in magnesia, and the outer margins lower in tem-
perature, richer in fluid, and high in lime and silica,

We may now envisage a conditiop where in the cooler, more f{luid, more
siliceous, and calcium enriched margins of the complex augite beocomes the stable
phase and early-formed forsteritic olivine is actively replaced and resorbed.

At the same time in the core of the mass olivine continues to be stable and
continues to crystallize. With the eooling of the campléx the crystallization
of augite proceeds inward or perhaps tekes place more or less simultaneously in
a broad outer zone, and orystallization of olivine procseds outward. At any
given time the main uncrystallized, or partially uncfystallized, residue of the
complex will 1ie between the core of olivine and the crust of augite and be
intermediate in ocomposition between them. Irregularities in the contact between
dunite and augitite can be explained by sagging and slumping of the core and the
orust into this mushy residue and injection of the residue into both rocks; thus
can be explained the intrusive masses of augite dunite and wehrlite with a
composition corresponding to the border facies between dunite and olivine augitite.
| Several other troublesome features can also Pe expleined., The replaoeﬁant
relations of augite to olivine reletively low in iron are demanded by the hypothesis.
The augite stable in the outer part of the compiex is relatively lower in iron
than the olivine that it replaces. An enrichment of iron in an interstitial
residue may thus be built up, eventually orystallizing as the high-iron olivine
that shows late relations to aﬁgito, or locally as interstitial magnetite forming
the eideronitic groundmass of the rock, koswite. Cryptic zoning is demanded by
the hypothoeié beouuse oryatallizaiion is teking place down a temperature and



concentration gradient from the core outwards., The equilibrium cbnditions set
up may be different than those that would prevail during fractional orystalliza-
tion of a basaltiec maéma and this may explain the displacement of the auglite
variation ourve from that found in common mafié magmas. It may also axpiain
the a2bsence of orthoﬁyrpxene as a primary phus#.

The essence of the hypothesis is that a gradient is set up from the core

of the system outward both in temperature and in the concentration of a number

of ocomponents. In a region near the center of this gradient there is a change

in equilibrium from olivine to augite as the primary stable phase, once something

approaching a steady state has been achieveds The meohaniem for achieving the

-~

gradients and shifts in equilibrium that have been suggested here may not be
entirely valid, but the observed petrologic relations seem to require some

method of centrifugal differentiation, Diffusion of non-volatile ‘solutes and

* movement of fluids along vapor pressure gradients must have played a part be-

_'oauso of the strong temperature gradient known to have been present and the

chemical contrast between the intrusive and the country rooks.

Explanation of chemical variation

ThQ ﬂaﬁor chemioal change taking place between mﬁgma and country rock is the
migration outward of calcium and magnesium. There is a reciprocal relationahlp'
between magnesium and calcium within the ultrabasic part of the complex because
caloium is, so to speak, arrested 11 its outward flight at the borders of the

ultrabasic by its fixation in augite. Beyond the complex both gradually decline.

183

This explains the maximum ih CaO in the augitite ring. On the other hand, silica

was lost by the gabbroized country rock, probably by transfer into the margins
of the ultrabasio mass, thus helping to make augite the major stable phase in
the outer zone of the peridotite. Very little interchange of alumina took place.
It may be reflected in a little interstitial anorthite here and there in the

olivine augitite. Alkalies found no resting place in the ultrabssic. They Were -

1]
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virtually absent from the original mapgma and there was no stable solid phase
available to take them up at the high temperature and the composition range in
which crystallization took place in the complex. Alkalis no longer present in
the granulitized country rocks may have come to rest in notadble proportions in
rocks beyond the gabbroized zone. The wholesale replacement of quartz, horn-
blende, and biotite by.grannlitio orthoclase in a rook several hundred feet be-

yond the gabbro has been noted (specimen 232, page 100). The data on rocks be-

yond the gabbroized gone are unfortunately not complete enough to develop this

idea in detall. The presence of allmli feldspar and biotite in outer facies of
the gabbro has been noted, as well as the appearance of biotite and alkali feld-

spar in the gabbrois granulite where the grade of metamorphism is lower.
Origin of minor rock types
Angite dunite and wehrlite dikes

An explanation for the origin of these dikes has already been givﬁn in the

general outline of the hypothesis on page 182.

Augitite dikes in dunite

These dikes can be explained by the re-entry into the dunite part of the

- oomplex, at a later stage, of the same fluid components that brought about the

. orystallization of augité and resorption of olivine in the outer parts of the

complex. These fluids enter early fractures in the dunite core after it has

ocooled into the augite range of stability and they react with the olivine wall

- rook to produce augite. The process has been desoribed in detail by Bowen (Bowen

and Tuttle, 1949, pp. 459-460).
. ' Gabbroic pegmatite

Gabbroio pegmatite represents an association in small, isolated clots,

streaks, and dike-like masses of an aluminous phase, anorthite, with late-orystal-

*
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lizing primary phaf’_‘:s of the ultrabasiec, mainly iron-rich olivine and hornblende,
along with augite. It can equally well be regarded as a late differentiate .'m
whioch a tiny fraction of alumina present in the original mgma appears, the alumina
.may be regarded es having diffused into the complex from the com;xtry rocks, 6r the
pegmatites may represent the reaction of the magma with a.lumint;us 1nc]:usi.ona. No
serious objeotion can be seen to any of these modes of origin. On the whole, the
sporadio distribution of the bodies, almost a.llv near the outer margin of the oli-

vine a.ugiﬂbo ring, peints tmrd their origin by :;eactior_x with aluminous inolu-
sions, and areas of disseminated interstitial andrth;to may indicate limited dif=

fusion of alumina from inclusions,
Dikes of the beerbachite group

The dikes of the beerbachite group, which actually range in composition from .
olivine miorogabdbro to hornblendite, commonly have a slight to strongly developed .
~ granulitie texture. In mineralogy and texture they closely epproach some of the
granulites of contact metamorphio origin. Hoﬁewr their dike-like relations to
the snclosing olivine augiti;bo and gabbro are clear cut, MaoGregor (1931) has .
called attention to the similarity between Scottish granulite produced by reaction
between hot besio magma and basalt inclusions and beerbechites from the type .,
" loeality in Saxony, and has taken issue with a oonolusion reached by Klemm (1926),
in a paper not aooosgible to the ‘px‘-esent author, that ths Odenwmald beerbachites
) .. are hornfelsed inclusions of sedimentary rock. MacGregor's contention is that \
the chemioal composition of beerbachite is 8o similar to that of igneous rock .;
that it must be derived from the granulitization of igneous rock, as is clearly v
the oase with Soottish granulites. Both investigators regard the rock as derived
from granulitiration and mobilization of inclusions. In the Blashke Island ocomplex .
the beerbachite dikes are probably derived from inclusions also, Where they appear
in the olivine augitite they have an anomalous composition and where they appear

'1n the gabbro they are strikingly similar in mineralogy and texture to clearly

o e
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defined inclusions in the seme rock. The question is what kind of inoldsio#a are
they and what has happened to give them their dike-like relations, a

The very interesting and unusual rock listed as specimen 390, item 103;
table 1, offers a fruitful point of departure for the discussion of this problem.
The rock has been desoribed and discussed on pages 40-41, 8l, and 96-96. |
and & chemical analysis is given under column M of table 2. The roock is a granu-
lar sggregate of colorless diopsidio augite and andradite garnet. It has the

highest calcium content of any analysed rock in th; c;)mp].ex, iz low in alumina,

" and hae normal iron content for its position in the oomplex. It appears quite

certain that this rock must represent a product of reaction between limestone and
the ultrabasic magma, but the dike-like relations of the rock to the olivine augi-
tite are sharp and clear., This rock is almost proof positive that inclusions in
hot magma that contain phases not stable in the magma break up, decompose, and
become softened and partielly fused to the point where they flow readily and that
they cean maintein this state under the proper conditions ‘until the enclosing rock
has solidified to the poiht where it can fracture. This particular rock was one

of extreme original composition and this is reflected in the unusual composition

" of the final product.

The augite;andradi'be rock olearly establishes dike-like relations for a

" - . rock obviously derived from an inclusion, and thus is easier to accept the same

origin for rocks more nearly like ‘common igneous rocks in mineralogy and composi-

tion. However, it is a question if the unusual composition of specimen 390 proves

that differences in composition in the original inolusions will always be obvious .

in the final product., This author thinks not. Specimen 390 was probably derived -

»

from a pure marble, of which sume bede are present in the surrounding sedimentary .

roocks. It represents the introduotion of & high-calcium, low-alumina body into
that part of the complex saturated with a oaloium-rich phase. Under these condi-
tions the tendenoy to lose its excess caloium is not large and all it ocan do is

take up silioa and magnesia until a stable phase can form. On the othor hand,
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let any kind of aluminous rock be introduced and it immediately takes up oai-
cium to form the plagivclase feldspar stable under the existing conditions plus

a suite of ferromagnesiah silicates., Thus all aluminous rocks of whatever origin
are likely to approach gabbro in mineralogy and chemicel oomposition when in
oontact with hot gabbroiec and more basic rocks. The gebbrois granulites derived
from diverse original rock types around the complex prove the truth of this de-
duction, and abundant evidence is given by Grout for the conversion of slates
into gabbroic grannli‘be_ near contacts with the Duluth galfbro.. Grout cites numerous
supporting references in this paper (Grout, 1933). The consclusion is that the
beerbachites oan havé been derived from inclusions of any kind zof aluminous rock
enclosed in a hot magma that is extremely rich in calcium and magnesium.

The diﬁrsi*{zy of dikes of the beerbachite group appears to be pa}tly a funo=-
tion of position in the complex, there being some tendency for olivine microgabbros
Yo ocour well within the olivine augitite ring and' the more hormblendic beerbachites
and hornblendites near the outer parts of the olivine augitite \ring and in the
gabbro, The diversity is also in part a function of the stage in the cooling of
the complex at which the dike finally crystallired.

The norm of the hornblendite beerbachite for which a chemical enalysis was
made (specimen 99, column P, table 2) shows 26 percent olivine indicating that
its oomposition is actually close to that of an olivine miorogabbro. The con-

‘ trastiné mineralogy is thus & function of the mode of orystallization. It has
. been shown that during the later stages of orystallization of the gabbro and
olivine augitite, hornblende appears as a primary phase and as a replacement of
| augite end plagioclase, The mineralogy of the suite of beerbachites parallels

this trend with hornblende becoming the major phase at one extreme of the sequence.
Feldspathic veln rock

Balk (1937) has discussed the relationship of late silicic and hydrothermal
facies of many intrusive masses to early primary joint systems formed during the

late stages of oonsolidation. Specimen 261, item 117, table 1, for which an

R
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analysis is given under column Q of table 2, was collected from a ;ein or dike,

2 inches wide, oocupying a flat-lying joint of a set corresponding in struotural
reletions to the so-called L joints as described by Balk (1937). | This rock appears
to represent crystallization from the last fluid sillceous fraction ca?a‘ble of
forming a rocke. later fluids appear to have mainly reacted with pre-existing min-
erals to form hydrous alteration products such as serpentine. Little nr no re-
aotion between aéocimn 261 and the enclosing rook (lpecimen 261, item 80, ‘table 1)
oan have taken place in view of the altogether leucocratic character of the vein.
Prosumably this specimen gives an indication of the composition of the last sill-
ceous fraction of magme after prolonged crystallization and reaction with enclos-
ing rook, It is rich in silica, alumina, end soda, but it contains a low per-

centage of potash. It is another indlication thet potassium tended to diffuse out-

'ui'd rather than imward toward the cooling mass.
Dikes older than the complex

The enelysed hornblende porphyry dike rock (column &, table 2) fits well into

e prolongation of the wvariation trend shown by the major units of the complex, '
‘but there is little direct evidence to connect this group o; rocks to the complex.
If related, they are forerunners of the.oomplex generated at greater depth and eme-
. placed ahead of the ultrabasic mass. Their textures show that the smaller ones
~were quickly cooled against relatively cold couniry rocks. If they are not fore-
runners of the ultrabasic intrusion, they indicate that there was a Silurian or
later episode of intrusive igneous activity in southeastern Alaska prior to the
Coast Range Jurassic or lower Cretaceous activity. This author is inclined to
the oplnlon that the dikes earlier than the ooﬁplex are not genetioally related .
to the complex and are connected with some altogether earlier post-suuria.n;

episode of magmatio intrusion. .
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Origin of petrologic and struotural relativnships between

Q”\ gabbro, gabbroic granulite, and inclusions

Where wall rocks are in contact directly with peridotite of one kind or
another they have been converted into a gabbroio granulite in‘which'the most per-
sistent phases are augite and calci§ plagioclase, Hornblende is absent except
et a considerable distance from the complex. Where wall rocks are in contact
with gabbro or eppear as inclusions in gabbro hornblende is an abundant and es-
sential phase. The compositions of composite samples of gé.bbro and gabbroic gran-
ulite are closely comparable as shown by the chemicel analyses in columns U and Y,
table 2, The highest ranks of gabbroic granulite contain very small emounts of
hydrous phases, while hornblende is abundant in the .ga'bbro.

An expianation for these relationships may be found in the mode of origin
-suggested for the gabbro. The gebbro is supposed to have formed by chemical trans-
formation of aluminous wall rocks along the same lines :shown by the gabbroiec gran-

- ' . ulite, but in the case of the gabbro the process was culminated by the partial or
complete dissolution into a mobile magma by volatile fluxing and partial melting,
of the transformed country rock. The reason why this took place along some parts
of the contact and not on others is probebly directly due to original composition,

" to the extent to which the wall roecks were pérmeable to volatiles, and to the
-vola'bile concentrations to which they were exposed. Permeable rocks of \suitable
composition were dissolved end fused. At other points in the complex, partioularly’ ’
along the western border which appears to dip slightly inward, the conceatration
- of volatiles was less and the roock less open to volatile impregnation, so less -
g\labbfoic fluid was formed, Gabbro recrystallicing gfter partial or complete
liquification ox:ystallized at a lower temperature and with higher volatile con-
"‘oentration and so hornblende formed. The lower temperature and higher volatile
concentration is reflected in the mineralogy of the inclusions and of the wall

I .~ LRY
i
«
E

rooks of the gabbro that has passed through this magmatie stage,.

-
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No chilled borders betweon gabbro and country rock were seen any placée in
the complex or in outlying bodies of gabbro related to the complex, This faot
ie readily explained by the proposed mode of origin. The gabbro formed by heate
ing and chemical tra.naf'omtion of ocountry rock, and the country ro& with whioh
it is ipn oontact was only 8 little less effected by the same agencies, thus thore
wvas no abrupt brea.k in the temperature gradient and no chilling effeotn along

contacts,

Origin of certain structural features

Interbanding of wehrlite and augite dunite in olivine augitite

Along the western side of the complex broad, poorly defined bands of wehrlite

and olivine augitite are found with gredational relationships. These bands have

' been considerably modified by late faulting and shearing. Elsewhere in: the complex '

other hands and masses of wehrlite with indistinet boundaries are found., These :

" bodies are usually sub-parallel in orientation to the oconcentrie form of the com-

plex as a whole. They are not sharply intrusive as are the wehrlite and augite

dunite dikes that have been described., These bodies are interpreted in one of ‘
 two ways. They may be residual masses spproaching the composition of the original

wehrlite magma. Throughout most of the olivine augitite ring original olivine

was largely replaced by augite, but locally less permeable textur§ may have spared

some bands of rock from much replacement leaving masses of wehrlite composition |

with olivine corresponding in oompositioiz to that in the margins of the dunite
~oore. (n the other hand, the boundary between the region in the complex where

'0livine remained stable and the outer region where augite supplented olivine

' may have shifted imward during the orystallization of the complex. These outer -

wehrlite bands with olivine corresponding to that in the border facies of the

dunite core may represent rocks orystallized at the loous of a former boundary

between regions of augite and olivine stability where the rocks of the temporary

. boundary zone were too well crystallized for more complete replacemont by augite

‘when the boundary shifted inward. -
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Zone of wealmess and physical discontinuity between

gabbro and olivine augitite

{

This feature actually represents the major discontinuity in the complex if
the gabbro is interpreted as having been derived by transformation of wall rooks.
It is the loocus of the intrusive contact between oountrir‘rook and ultrabasic poly=-

phase megma. lLater in the history of the complex gabbroic magme may have existed

in a mobile state on the side of the oontact once oooupiad by solid country rocks,

| and solid, nearly completely’ crystallized oliv:.no augitite may have been present

where the magma once lay. Gabbro formed further down along the contacts with the
ultra.basic. may have moved up along this oontact. It thus remsined a locus of phys-
iocal and chemical disoontinnity and in later stages may have been open to hydro-

’cheml solutions whioh caused decomposition of the rooks on 'bo-bh sidos.

Intrusion brecoias along oertain gabbro contacts with

country rooks

The generatior of a fluid gabbroic magma by ultremetamorphism has been argued

" at leggthe It is likely that this kind of magme would form in greater abundance
deeper down along the walls of the ultrabasic and rise along the contact with

couniry rocke’ As it rose it invaded and breociated ungabbroized country rocks

"along the walls of the intrusion. o~

Banding in the gabbro

The banding locally present in the gabbro may be interpreted entirely as a

-..flow structure where the gabbro reached a magmatic stage and flowed, but the intri-

oate swirling, curving, and intersection patterns of this structure are hard to '

acoount for under this interpretation because the probable viscosity of the magma -

- makes turbulence during flow unlikely. Nevertheless the structures do have the

appoarunoé of a turbulence pattern, at least superficially.

-
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It has been shown that the structure is actually.a conocentration of late
poikilitic hornblende along nerrow bands and represents narrow zones along which
the late volatile rosidues were active., Some slight parallelism of piagioolasa
tablets with the bands has been noted however, It is suggested that this band=
ing may represent strain patterns in a semi-solid mass subject to a combination
of shearing stresses relieved by flow, During shear, finely spaoced bands of

relative compression and tension might form causing late volatile residues to

- migrate into bands of relative tension. The shearing stress would then be re-

lieved locally by plastic ylelding, causing deformation and- interruption of

strain patterns and the shifting, bending, and reorientation of strain lines.
Origin of polyphase ultrabasic magma

Norman L. Bowen has'repeatedly taken up the cudgels against proponents of
ultrabasic magma, In his latest publication related to the subject (Bowen and
Tuttle, 1949, p. 464), he remarks:

"Geologists have been, for the most part, reluctant to abandon dunitic or oclosely
related liquid end have sought every avenue of escaps from the fenced enclosure

to whioh experimental studieés appear to commit them. One by one these avenues

have beon closed by further experimental studies."”

Nevertheless there is a reason why geologists have been reluctant to abandon ultre-
basic magmas, and that 1s because certain field relationships seem to demand them.
Thore may also be a reason why the fenced enclosure built by experimental studies

does not encompass an ultrabasic megma, and that may be that ultrabasic magma

lies well outside the field delimited by experimentation. The field delimited
R : o

. by experimentation as yet falls far short of the full range of geologioc possi-

bilities.

[y

(ne of the limiting factors has been the obviously low temperatures at whioh.
most ultrabasic bodies heve been emplaced, and the present author is in complete

accord with Bowen's contontion that these bodies ocannot have consulidated from

& magma at the place where they ere now seen, However in the Blashke Island

AJ

ing been at a high temperature, porhaps several hundred degrees above %he range
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of experiment. The complex has undergone differentiation. OUne of the end éroduota‘;
has been a body of very pure dunite, but the associated rook shows that tho‘ ﬂ
original material contained substantial proportions of other components. Thus
a dunitic liquid is not.oalled fore

Furthermore, a fully liquid magma is not ocelled for, only one that is hot,
mobile, and reactive. Bowen himself has entertained thia-poasibility in sugpesting
that an eruptible lherzolitic magma, perhaps half erystalline, might be produced '
during fractional erystallization of gabbroic Qagma (Bowen, 1915, p. 31). The
interpretation offered here is consistent with the possibility that some fraction
of the magma would be solid olivine. It would thus be a magma in the original

,sense of the word as applied inchemistry, meaning an emulsion or mixture of solid

and fluide--hot olivine mud, if you likel

Escape from Bowen's enclosure rests on these oonsiderations. In the shadow
of his monumental oontributions to petrology 1t admittedly may seem like no more
than a wistful peek through a knothole. '

A polyphase peridotite magmm may originate in several ways., Hess (1938) has

vigorously advocated the development of e hydrous peridotite magme by partial

fusion of & peridotite layer during orustal downbuckling at the beginning of a

' period of deformation; Partial fusion might be brought about both by an eleva-~

tion of temperature and by local release of pressure attendant upon orustal streaaos.
(1925)

Meadphas called attention to the fact that brecolation in solids causes inorease of

volume and this results in an influx of available fluids into the porous spaces

of the expanded masses. (nce partial fusion.has taken place, a pulyphase magma

is in being. It may then be capable of intrusion as a plastio mass or by elastio
' response to the opening of any avenue of weakness in the containing rocks as
‘advooated by the author for the intrusion of ocertain kinds of olastioc dikes (Walton

and 0'Sullivan, 1950). .

1

Polyphase peridotite magma may also represent the accumuilated residues in

deep crustal obambers of preceding porioda of geosynclinal vnloanism. Tho Jurassio-

o ’ !
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lower Cretaceous(?) seotion laid down immediately prior to the beginmning of

Coast Range deformation and deep-seated intrusivo activity contains much vole .

and Chapin
canic material (Buddingtux}\, 1929, pp. 158, 165-173, 256-266)e = L o

.
Relationship of the Blashke Island complex to other
types of ultrabasic intrusions

The hypothesis that has been offered in this paper applies primarily to the
Blashke Island complex and is not offered as a géneral hypothesis to explain all
peridotite intrusions. For example there is no. reason to apply the hypothesis to
ultrabasioc layers in stratiform eomplexeé :of the Bushveld type. Nevertheless, if
the hypothesis has any validity, it must have some general applications. The
hypothesis is directly applicable to only a relatively félr ultrabasio complexes
that show concentric zoning end evidences of high temperature. More commonly ultra-
basic masses have little orderly internal arrangement of component rock types, show
strong deformational :trucfures and fabrics, produce little contact effect on en-
olosing rocks, and many oonsist simply of an elmost monomineral mass of dunite or
serpentine derived from dunite.

An explanation for the relative soarcity of conocentrically zoned ultrabasic
masses with the high degree of regularity and the b.igt'x temperature effeots of the
Blashke Island complex as compared with more common peridotite and serpentine in-

trusions may be found in the teotonic setting of periﬁotit:lc rocks., Ultrabasio

Arocka are generally found among the first rocks to be intruded during a petrogenetioc
-oyole (Benson, 1926 , pp. 75-76) and according to Hess (1938) their intrusion takes
‘ place during the earliest period of strong deformation in an orogenic belt. 4n

' ultrabasic intrusion therefore commonly undergoes a prolonged period of regional

deformation after its emplacement during whish its primary structures and relation-

- ships to surrounding rocks may be completely or partially obliterated. If the

mass becomes wholly or partially serpentinized it becomes peculiarly susceptible

.to tectonio displacement and during regional folding may undergo further movement
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by plestic flow for considerable distances in a condition in which it will have

no contact effects on enclosing rock. Bowen (Bowen and Tuttle, 1940, p. 455) |
has pointed out thet olivine 1tself lends readily to solid flow under stress '
bécause of its atomio structure. An aggregate of olivine in the core of a ocomplex
such as that described in this paper might contain a large amount of interstitiel
superoritiocal water vapor for a consideréble period aftaf the formation of the
complex, and this would lend the dunite part of the ooﬁplex especially to injec-
tion and displacement by the method of elastic response advocated by this author
to explain ocertain intrusions of clastic material. All of these faotors conspire
to cause the destruction of the primary structures of peridotite intrus;ona and
present them to view in a varlety of forms produced by varyihg degrees of deforma-
tion. Only a relatively few complexes like the Blashke Island complex may ever
have escaped the later deformation which follow; in the normal course of events,
but differentiated complexes like the Blashke Island complex may have been the
proximate source of many ultrabasic bodies, partioularly the nearly monomineral
ones that must have ﬁndorgoni a high degree of differentiation at some other place.
Few ultrabaslic masses may have had the opportunity to carry the process of dif-
ferentiation to completion before undergoing deformation, The Blashke Island
oompléx may afford a rere insight into a prooe;s seldom carried to oompletion

and even more rarely preserved and brought to view in aocessible parts of the

'ocrth‘a erust,

Regional relationships of ultrabasic intrusions
in Alaske and western Canada

Alaska and ocontiguous areas of British Columbia and the Yukon Territory arei‘;

far from adequately known geologically. A large perocentage of these areas has

" never been mapped, Much of what has been mapped has been done on such a small -

"scale and by such hasty reconnaissance methods that many bodies of the magnitude

of typical ultrabasio complexes ocan have easily escaped attention or been lumped.

- with other rook units. Nevertheless a survey of Alaskan and Canadian literature
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has revealed more than forty localities obntaining intrusive bodies of peridotite,

serpent;na derived from peridotite, or closely related rocks. Many of these

localities contain a number of bodies, so that the total number of individual ule

trabasio masses known ig a good deal more than a hundred. While there are doubt-
less many more &ot to be reported, tho'distribution of the known peridotite and
related rock masses in place and time is probably adequate to give a true pioturé
of the regional relationships.

The regional and ohronologioc distribution of ultrabasic roocks in Alaska eand
geologioally related areas of Canada are summsrized in figure 2, and table 8.
The loocations of all ultrabasic rook bodies known to the author have been plotted
on figure 2., The areas, references, rock types, and ge&logio ages of the bodles
plotted in figure 2 are listed in table 8, 1In order to bring out the geologio.
relations of the ultrabasioc rooks, figure 2 also shows the areas underlain by other -
plutonic rocks., These rooks consist largely of batholiths, stoocks and bosses of .
diorite, granodiorite, granite, and syenite. The data on plutonic rocks other than
ultrabasio have been taken from the Geologic Map of North America (Stose, 1948),
supplemented in British Columbia by a recent compilation by Armstrong (1946, fig. 2,

p. 5) Hess (1938) has shown some of the ultrabasic localities in a compilation

of peridotite intrusions throughout the world. The geologic ages given for the
" ultrabasic rocks listed in table 8 are those assigned by the original author unless
enolosed in parentheses. Geologio ages enclosed in parentheses have been assigned

by the present suthor on the basis of the positive evidence for age cited by the

original author plus the later correlations made by other workers in adjacent areas
or by the present author in the light of the present compilation. In compiling
figure 2 and table 8, attention has been focused only on truly ultrabasic rooks

believed to be of intrusive origin. Many geologic compilations are vitiated by

’inoluding too many items of diverse origin and genetic significance. This must be

nvoideé if true genetio relationships are to be illuminated, as Hess (1938, p.272)

- has pointed out in connection with the problems of poridotite intrusions. Therefore
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many bodies of basic rock variously desoribed as hornblendite, gabbro, intrusive

greensténe, poridotitic differentiates of gabbroio or basaltic masses, or inade- -

quately described have been excluded from the present campilation., Doubtless

some of these rocks are genetically connected with the intrusive peridotites,

but others are clearly marginal faocles and‘dirferontiates of more siliecic rooks,

or greenstones of metamorphic origin, so most of them have been eliminated. How-

ever, a few of possible significance have been shawn'on the map by a separate symbol,

Table 8. Ultrabasic and basio intrusions mapped in figure 2.

Aree and reference

Alaskn, West of long. 141°W.

‘1. Kobuk R. valley, northern Alaske;
Smith, P.S., Bull, 815

2. Yukon-Tanana regionj
Mertie, Bull, 872

3. Nelchine-Susitna region;
Chepin, Bull, 668

4. Copper River region;
Moffit, Bull, 894

. bs Copper River region;

Kingston & Miller,Bull. 543-C

. 6« Kenai Peninsula;

Guild, Bulle 931-G

Te Iliamna Bay;
- Martin & Katz, Bull. 485

8. Goodnews Bayj
Mertie, Bull, 918

i 9. Mt. MoKinley region;

Brooks & Prindle, p. 70
Reed, Bull, 845-D

10. Matanuskn areaj
Paige & Knopf, Bull, 327

Rook Ezgg

Serpentine

Serpentine in part
derived from per-
idotite

Serpentine,
intrusive
Peridotite

Peridotite

Dunite homplex
Peridotite dike
Dunite complex

Serpentinized pore
idotite not found

in place, and per=
idotite not mapped.

Peridotite N

Aze

Devonian(?)

late Devonian

Intrusive into Carbone
iferous or older, (Late
Triassio-Early Jurassio)

Post-Permian(late Triassio-
Barly Jurassic)

‘later than post-Permian

deformation, (Late Triassio
Barly Jurassio)

late Jurassio-Early
Cretaceous

Cuts Middle Jurassic
granite

late Cretaceous >

A(Meuozoio)~‘

Unknqwn



Southeastern Alesla

11, Baranof Island;
Guild & Balsley, Bulle. 936=G;
Kennedy & Vialton, Bull. 947=D;
Reed & Coats, Bull. 929

12, Fords Terror, Juneau Dist.;

Buddington, Bull, 800 .
13, Tracy Arm, Juneau Dist.;
Buddington, Bull., 800

14, Kane Peak, Kupreanof Id.;
Buddington, Bull, 800;
Author

15. Blashke Islands;

Author

16. Mount Burnett; _
Kennedy & Walton, Bull. 947«D;
Author

17. Duke and Annette Ids.;
Koschmann, Trens. Am. Geophys,
Union, 1936

18, Kasaan Peninsula, Salt Chuok;
Wright, p. 87

Yukon Territory, Canada

19, Whitehorse Sheet;

Cockfield & Bell, Mem, 150

_'20. Little Salmon Areaj

cockfiﬁld, Summ, Rept. 128

21, Pelly River; Johnston, Mem. 200,

map 394-A

22, laberge Sheet;
Cockfield, map 372-A

23. Teslin-Quiet lake Areaj;

Lees, map 350-A

24, Conrad and Whitehorse Dists.;
caime” D.D.’ Summ, Repto '06

_British Columbia, north of lat. 54°

'26. Atlin mining distriot; Gwillim,

An. Repto' Ve 12, '99, map 742

Dunite oomplex and
serpentine sills

Dunite, ocut by

_ granite dikes

Saxonite

Peridotite complex

Duni te-pyroxenite
complex -

. Dunite-pyroxenite
. oomplex

Saxonite~hornblen~
dite complex

Pyroxonite-gabbro
complex

Peridotite and

" pyroxenite

Serpentine
Serpentine

Peridotite,serpen-
tine hornblendite

Serpentine

Serpentine

Serpentine, "Gold
Series", inoludes
much intrusive sere
pentine, derived
from dunite and
peridotite. -

o+ . - 198
late Jurassic

Early in late Jurassio=
Early Cretaceous orogeny

Early in late Jurassio-
Early Cretaceous orogeny

late Jurassio-Early Cret
osous, Early Cretaocesous
preferred

late Jurasslo-Early
Cretaceous

late Jurassic-Early

Cretaceous
U %

Not given (Iate Jurassic
Early Cretaceous)

Devonian(?) (Late Juras:
Early Cretaceous)

Pre~Devonian
(Jurassic)

Carboniferous or
older(?) (Jurassioc)

Pre-late Cretaceous
(Jurassio-Early Cretacec

Jurassio~-cut by Jurassi
or later granite,

Jurassio=-out by Jurassi
or later granite,

Unknown (Jurassie to
Early Cretaoceous)

.

¥esozoic, earlier than
acid intrusions. (Jurass
Early Cretaceous)




i Oreoi traverso;
Twmie nopt. '20

27+ Eaflo-iicDame Aroaj; Hanson &
YcNaughton, lem. 194

28, Alken lake map area;
Armstrong & Roots, paper 48-.

29, Tekle Dist,;
Armstrong, map 044-A

30. Fort Fra*or map erea, W. half;

Armstrong, Trans. Roy. Soc.
Can. v, 34 & map 631-A

31. Fort Fraser map area, E. half;
Gray & Armstrong, map 630-A-

Al

oritish Columbia, South of lat. 54°, excepting 4

tiguous to and in-
cludes part of
"Gold Serics"™(above)

Poridotite and
gorpcatino
Poridotite, sorpen=
tine pyroxonite,

horablendite

Peridotite and
soerpentvine

Pericotite and

serpentine

Peridotite and
serpontine

v o - ™ T N O
nto luozu .‘v-o.ar.&_f
LY 7 et

+03S0Z0 .sc. \VUTALZZAC—-

Early Crotac oua)

Jurassic-oarlior than
Cassier Zatholit

Juraessio-oarlier than
Omineca acid intrucioans
Juragssic-carlier than
scid intrusions
Juragsic-earlier than

acid intrusion

Juressic-ocarlier than
ecid intrusion

Parallel Survey

32. Sandon, Slocan & Ainsworth Dists.;
Cairnos, map 273-4

33, Tulameen Dist.;
Camsell, lem. 26

34, Cadvallader Creek Area and
Gun Lake Area; Cairnes,
Y¥em, 213 & maps 431-A, 430-A.

36, Bridge River Map Area;
YcCann, lem. 130

36+ Yele Dist.;
Cuirnes, Summ. Rept., 1929

37. Wolfe Creek Ares;
Bostoock & McNaughton, map 596-A

38, 0lalla;
Bostook, map 628-A-

Serpentine

Dunite-pyroxenite
complex

Dunite, pyroxenite
& serpentinized
peridotites

Serpontine. mappod
as extirusive, but
shewn by Caimnes,
tiem. 213, to be in-
trusive in adjacent
a&rea.

Serpontine derived

from peridotite

Peridotite

-

Pyroxonite-gebbro
complox, doubt-
fully related to
peridotito

ost
ikcs.

Triassic--cut oy
Triassic greanite

jee}

arly Jurassic--cut by
agle grancdiorite

=1 vl

gl
8—

Jurassic--cuv by
or ipirusives

B
(=
(o))

Triassic (Lato Jurassic)

Late Jurassic-DBarly Croto-
coous, Cut oy Coast Range
diorite

Lowest post-Triacsio.
Cut by syonito end granite
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British Columbia, 49th Parallel, Referonce; Dalv, Mem, 38

39, Map 844 ... Cross-cutting late Paleozoioc(?)
dunite dikes
40, Map 85A : Dunite " Late Paleozoic-Triassio

41. Map 86A Basic complex cut late Paleozoio-Triassic
_ by orbicular per=- ‘
idotite with olivine

.

nodules
42, Meps BlA, B82A, 83A Dunite, Harzburgite Mesozoio, earlier than
and serpen‘dno Trial Batholith (Jurassio-
* _ intrusions . Early Cretaceous)
43. Map 884 - . Harzburgite and | Post-dJurassic to 0Oligooens
dunite ' - . :
44, Page 6543 ‘ Dunite dike Not given

Table 8, Bibliographic references
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Figure 2 and table 8 show that there are at least six and possibly more

_ episodes of ultrabasic intrusion in Alaska s.eparated in time and place, as follows:
a. A northern belt in the Brooks Range of lower Devonian age, barely suggested by
the serpentines reported in the Kobuk River srea. A dearth of information rather
than a paucity of intrusicns probably explains the laok of other ultrabasic bodies
ghown in northern Alasks. ’ | ‘ K
b. Two parallel upper Devonlan belts in the Yukon-Tanana region that do not invade
Mississippian rocks and are out by Mesozoic intrusions, | .

o. A lower middle-Mesozoio belt in the Copper River region said to be later tfm.n

& post-Permian period of deformation and older than silicic intrusions that do not
.' invade middle Jurassio and younger rocks. ‘ | 1

d. Upper Jurassic to lower Cretaceous bodies in the Cook Inlet area(nos.6, 7 & 10).
e, Upper Jurassic to lower Cretaceous complexes in southeastern Alaska, eurliqr h
than the Coast Range batholith and releted silicioc roocks. é

" f. A post-middle-Cretaceous and pre-early-Tertiary complex (no. 8) at Goodnews
Bay, not deformed by & mid-Cretaceous orogeny in the Kuskokwim region and out ,‘by
early Tertiary granitos. ' T | | | . k

g+ A suggestion based on very inadequate information of a peridotite belt in 't';ho

Alaska Range, : . ) e




Each of these groups of intrusions is located in a belt that was tectonically
.,_ . active prior to or during intrusion, and in each belt the peridotite intrusions
were roilmd by the emplacement of batholithic masses of silicic rock. The older
belts are in central and morthern Alasks, and the younger intrusions are along the '
Pacific coast (excepting the Goodnews Bay ocomplex, no, 8) and belong to the early
part of the period of intrusion and orogeny that began in the Jurassic and extended
into the Cretaceous, oculminating in the Coast Range batholith. large parts of the .
mountain renges along the coast from southeastern Alaska to Prince William sound
are virtually unmapped and unexplored so that the upper-Jurassic-lower-Cretaceous |
belts of intrusion in the Cook Inlet area end in southeastern Alaska may well be
connected by as yet unreported peridotite intrusions. The author has collected
serpentine pebbles from (Oligocene tillites in the Robinson Mountains a few miles
northwest of Mount Saint Elias,
The ultrabasic intrusions of southeastern Alaska are closely related in time,
.‘ | place, and geologlc relatiénships to the peridotite intrusions of the Canadian ‘
A - areas, The Canadian ultrnﬁuio masses are apparently largely oonfined to a single,
' though perhaps interruptaﬁ and relatively prolonged, episode of intrusion, except
for several ereas along the International boundary at the 49th parallel. Some of
the earlier workers in the Yukon Territory and northern British Columbie were in-
clinod’to pleace some of the sarpentix;es and peridotites of these areas in the late
Paleozoic or early Mesozoic because they are enclosed in Palooz;;io rocks, The
only upper limit of age 1is that these rocks are eaflier than upéer Mesozoioc siliocio
intrusions. lLater workers have placed similar rocks in adjacent areas at tha
beginni.ng of the lnte Mesgozolo oycle of intrus.l'n asotivity, so that thelo rocks
' ‘are here regarded as Jurassic or lower Cretaceous, .
In southern British Columbia, Daly has classified several ultrabasic bodies
N ‘a.long the intermational bonndnrjr as late Paleozoic. Cairnes classifies the gastorn- ‘
® " ‘most peridotite area shown in figure 2 as Triassic, but the only upper 1imit of

age 1s that thzae bodies are cut by post-'l‘riauic granite dikes that may be late

"y
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Mesozoio in age. Comsell states that the ultrabasie rooks in the Tulameen

Distfict are early Jurassic because théy are cut by the Eagle granodiorite which

is overlain unconformably by cretacaéus. The.othar ultrabasic bodies in southern
British Columbia ere generally regarded es balonging to the earliest phase of the
Coast Range batholithic intrusions and all are seid to be older than the acid rooks.
| However Daly regards one body (no. 43) as probably early Tertiasry. Thus there is
possibly a considerable renge in ege in southern British Columbie, but this seem-
ing range may, in larga>part, be due to conflioting int;rpretations and diffioculties
'in exact correletion.

Hess (1988, p. 278) has indicated that eaﬁe of the easternmost ultrabasio
intrusions lying elong the 49th parellel mey belong to a Paleozoic period of in=
trusion, but the present study does not give much support to this view,

The areal distribution of ultrabasic intrusions in southeastern Alaske and -
Canada shows a distinét pettern in relation to the batholit;ic masses. (ne large
srea containing numsrous ulérabaeic masses is located along the 49th parallel at:

" the southern end of tge Coast Range batholith. A second is loocated at the southern
end of the (mineca-Cassiar batholithic oconstellation, and a third is at the |
northern end of this broad arc of plutonioc masses. This third ocluster of ultra-
besio intrusions is praotically contiguoﬁs with a fourth group extending ué into
‘tho Yukon Territory at the ﬁorthernlond of thelcoast Range batholith., The fifth
group is in southeastern Alaska where there are numerous satellitis stooks and
bosses passing northward into a zone of dioritic to granitic masses of batholithioc -
proportions extending from Baranof Island northward into the Yukons. ’ ;

Each of these areas wﬁere ultrabaaié intrusions are concentrated appears to
be an area whers rones of major batholithic masses pess beneath the present area
of exposure and where many minor batholiths, stocks, and bosaesvsuggeat that "
'.‘further unroofing would reveal an almost continuous batholithie mass not fhrf$e-
neath. In other words, the ultrabasic intrusions appear to be related in space
to batholithic roof zones and to precede the emplacement of the batholith in time,

-l i
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Hess ( 1988, p. 269) has concluded that ultrabasic intrusion accompanies the first
great deformation of an orogenic belt and are absent in later deformations.

This close correlation in space and time is certainly not adventitious, It
strongly suggests a genetic conneotion, but it is not necessary to oconclude that
the ultrabasic rocks and the siliois batholithic rooﬁs are differentiates of a
common megma. On the contrary, the rocks of most extreme composition and highest

density are found emplaced above sand in advance of the dbatholitic rocks. They are

- not marginal and gradational with the major granodiorite masses, but are inwvaded

be made between peridotite intrusions of the type discussed here and the perido-

by the acid rocks at a distinotly later perind. It is true that the batholithic
masses commonly display basioc marginal facies of hornblendite and gabbro (Budding-
ton and Chapin, 1929, pp. 236-239), and that some of the ultrabasic bodies are
also bordered by gabbroiec differentiates, but these are mere gestures in the
right direction across a broad gulf that is nowhere found bridgod by e oontinuous
sequence of roocks that can be clearly shown to have been derived from a common :

parental magma, Hess (1988, p. 263) has shown that s genetic distinotion is to’

" tite differentiates of basaltic magmas that are formed in a different orustal

environment,

Differentiation from a common magme seems to hold the greatest appeal for “

geologists, but there are nther kinds of genetic relationship, The valid rela~
N Y -

tionship between ultrabasic intrusions and batholithic emplacement that can be

obeerved is that they are both products of a common sequence of orustal pfoeeasea.

| Major orogenic disturbances ini%iate a oycle of petrogenesis beginning with the

intrueion of ultrebasic rocks and culminhting in the formation of batholitth

- The ultrabasioc rovoks and the granitic rocks are products of a common process -

rather than e common magma., By analogy one might point out that the labors of

& geologist may produce both perspiration and hypotheses, but few would suggest
: i

that they spring frum a common sub-cutaneous reservoir, s
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., extends inland southwestward for almnst two miles to a small lake or tarn o§oupy-'
" ing a oirquo‘south of the summit of Kane Peak. ' Rocks of the complex ax‘!uandg to

Notes on the Kane Peak complex
Introduction
The rocks of the Kane Peak complex orop out along the shore of Kupren.nof

Island from Cape Strait southeastward for a little more than a mile.' The complex

within e few hundred feet of the summit of Xans Peak and form a prominent shoumor
with e small subsidiary summit. The extreme ferromgnosian composition of ‘hhe ‘ ;_

rocks on this shoulder causes them to be hostile to vogotation and it eppears, o .

. When seen from boats passing along Frederick Sound, as a large, bare, red-brown

rock outcrop of uncommon aspsct. The complex has thus excited the passing inter=-

est of many Alaskans, who are .Aa.lwaya alert for signs of possible minémlization. | .

Many prospectors have visited the area in the hope that it represents the gossan
of a mineral deposit, and the feeling that "there is something there" remains in
the minds of many, despite disappointing assays and imstigati»ons. A

The locatiqn of the Kane Peak complex is shown on figure 1, page 8, mnd as
locality number 14 on figure 2; page 12. A general view northeastward across the
ocirque and tarn toward the bare shoulder of Kane Peak with Frederick Sound gnd: the -
mountains of the mainlend in the background may be seen in plate 3. Relief in
the area is sharp, rising from sea-level to summits with elevations of more than
3,000 feet in less than two miles. However the northeastern half of the area
underlain by the complex oonsists of gentle slopes and terraces, for the most part,
with an almost unbroken cover of muskeg and somewhat stunted forest growth. 1In
tm:s part of the area outorops are almost oconfined to the wave-washed shor; and
the bed of a small stream orossing the complex., The precipitous southwestern half
of the area contains mx'zy bold outerops, where underlain by peridotite and pyrox-
enite, but outcrops on.many steep slopes underlain by rocks less hostile to plant

growth are disappointingly soarce.
|
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'larly at the southwestern end of the complex, is a border zone of olivine augitite; *

‘and is represented by a narrow border zone of blotite lehrzolite or bibtite wehr- 3
- 14te. The Kane Peak complex has not been sufficlently well mapped to delineate

T o - - T 200

The Kane Peak cnmpiex was briefly commented upon by Buddington (Buddington
and Chapin, 1929, p., 192) who gave short petrograpﬁio deco;iptions of some of the
rocks associated with the cumplex. He desoribes the part of the complex forming
the prominent -outerups on the flank of Kane Peak as a core of pyroxenite enoircled
along the south and east sides by a border of dunite and wehrlite. These rooks
are distributed in the way Buddington has indicated, but subsequent investigation
has proved that it 1s the pyroxenite that is marginal to @ cors of dunite and wehre
11te, rather than the reverss.

The area was sgain visited for a few days by Goorge.c. Kennedy and the preaent‘
author in }943, and a short account of the salient geologic features of the complex
was published (Kennedy nhd‘Wklton, 1946, pp. 78-80), At that time the essential
marginal relationship to dunite of pyroxenite and other more silicio and calocio
rocks was recognized. The present acoount adds new data and details and gives:
additional 1neigh£ into the petrology and struoture of the complex,

The author and his assistant, Ivan Tolstoy, camped for 10 days in the area

}. in August, 1946, and prepared a topographic base map by chaining, paoe-compaas, j, ‘;
" and aneroid barometer. Detailed geologic mapping and study of the area was mainly

.onnfined to the aouthwestern part of the complex end its enclosing rooks. A

topographis and geologioc sketch map is given here as figure 18y - psge 210,

The ultrabasic roocks

+

The ma jor rock units of the Kane Peak ocamplex are, for the most part, strik- - -

" ingly similar to the rooks of the Blashke Island complex. The complex consists

of a central area underlain by dunitic rocks, Marginal to these rocks, partiou-

However, unlike the Blashke Island complex, the olivine augitite mass dooclnot

form a complete ring around the more olivine-rich rooks, but is locally ahunht

S

o a core of dunite free of augite, as there is in the Blashke Island complex, but

-~
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reconnaissance indicates that wehrlite, commonly passiz.lg into olivine aupitite,

is typical of the borders of the mass and that augite tends to be less abundant,

or even absent, toward the center of the mass, The existence of a dunite o;ra‘
substantially free of augite forming a considerabdble Traption of the oomplof'haa

not been fully demonstrated, and 1t is doubtful that one exists that is as wella

defined as the dunite core of the Blashke Island oomplex. Most of the olivine-

rich rooks are partly serpentinized, but loocally they are unusually fresh.

The Kane Peak complex is different than the Blashke Island complex in ;ewul.
petrologio aspeots, There is no extensive development of gabbroic rock Qurround-
ing ths pex;idotite mass, Locally, eand partioula:iy along the northwestern border
of the complex the marginal facles is a hornblendite with abundant remnants of
augite .’!.argely replaced bf hornblende and streaks containing coarse calcio plagio-

clase. Only patches of this rock a few feet across locally approach a gabbro in

. mineral composition. Elsewhere various rather distinctive facies of the peridotite

 are in direot and sharp contact with country rocks, but the country rocks are gran-

ulitized and changed in composition for distances of only a few tens of feet to
perhaps 200 feet from the contact, and the change in composition is by no means
as extrems as that observed around the Blashke Island complex,

Several facies or variants of the peridotite in the Kane Peak complex have
no counterpart in the Blashke Island complex. At one place the southern contact
of the complex with the country rocks may be seen to dip inward toward the center
of the complex about 40°. This place is shown on the geologic map as the most |
southerly outcrop of peridotitic rocks. A narrow erosional remnant ef’t‘ho peri-
dotite mass appears in the form of a ledge running eastward along a northwarde
sloping hillside., Somewhat granulitized hornblende soh&sf underlying the peri-
dotite is exposed up-slope from this ledge, and reappears again down-slope from
the ledge. The slope of the hillside is thus approximately the same as the dip
of the contact,and where the peridotite has been eroded away along the stream
valley below the ledge, the floor of’tho complex is again exposed. This axposur:o
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affords a unique opportunity to see the peridotite mass in contact with enclosing
rocks over several 'hundred feet of rellef, and clearly demonstrates the inward-
dipping, basin-like structure of the contact at this particular plaoe‘. The rook .
in this ledge is mostly a biotite wehrlite, but within ten to twenty feet of the
'eonta;ct with hornblende schist hypersthens appears in quantities up to 10 or 20
percent of the rock. Appreciable amounts up to several percent of the sulfide
minerals pyrrhotite, pentlandite, and chalcopyrite are also sporadically distributed
through the rook, but no masses of sulfide-bearing rook of eooﬁomioally exploitable
dimensions were seen. However such masses may exist. The rook is porphyritic in '
texture. 0livine and augite oryaﬁals 2 to 6 mm, 4n oross—seoﬁ;on are distributed
through a granular groundmasgs éf grains less tha.h & millimeter in oross-section
consisting mainly of augiba and hypersthene with a little very caleic plagioolase.
Some large, poikilitic orystals of greanis‘h-brown hornblende and a little pale,
reddish-bromn biotite is also present. The rock may be oalled a biotite lehrszolite.

At one locality within the olivine augitite mass at the southwestern end of-

.the oomplex» an outorop of rock consisting of coarse biotite and augite was.noted.‘

The biotite encrusts and partly replaces well-formed augite orystels. The rook
may be a product of hydrothermal attack on olivine augitite. Its field relations

"to other rocks of the complex were not exposed.

At the south end of the exposures along Frederick Sound the peridotite of the

'complex appears to pass gradationally over a distance of @bout 1,700 feet from an

‘almoat completely unserpentinized enstatite-biotite dunite oonsisting largely of

olh;yino with unusuelly well-developed 100 and 010 §leavagen end ocontaining accessory

‘ biotite, hornblende, and enstatite, through a tough, fine-grained, 1ittle-serpen-

. tinized wehrlite, to an equally fresh, fine-grained olivine augitite, Most of the

olivine augitite of the Blashke Island complex 1s notably coarse grained, and the
texture of these rocks as well as the aécouox"y blotite, hornblende, and enstatite

in the dunite, and the cleavage in the olivine is distinotive by comparison.

Another distinotive rock is present, apparently as a motamorphosed inclusion
within wehrlite, about 350 feet from the southern border of the 'oonplo:.:’ on the
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shore of Frederick Sound, The rock is s hypersthene amphibolisconsisting prin-
cipally of a gray-green, monooclinie amphibole that is almost colorless in thin
section, Ny = 1,633 ¥ 0,002, mnderately large, negative optic angle, Z angle
£ = 16° 2 1°, The rock contains 10 or 15 percent of hypersthens partially replaced h
by the amphibole and is liberally spotted with large, poikilitioc, deep greenish-
brown hornblende crystals up to a centimeter in cross.aeétion that enclose and
partially replace numerous erystals of hypersthene and the colorless amphibole.
The colorless amphibole ie commonly rimmed by magnetite and contains abundant
inclusions of magnetite., A oa.rbom:ta replaces the colorless amphibole in sporadie
patches, '

" Within the prominent mass of olivine augitite at the western end of the com-

"plex are numerous parrow layers and dikes of augite dunite and wehrlite similar
~ petrologicelly to the augite dunite and wehrlite bodies found in the olivine

augitite ring of the Blashke Island complex. Parte of this mass of olivine sugi~
tite are also penetrated by an indistinct box-work of veins of coarser textured
rock a few inches wide containing much wvery coarse olivine in assnoiation with
very coarse augite and anorthite. Veins of this type are pictured in pleate 9.

A spoc:‘unen; collected from one of these ocoarse, irregular bands revealed an umsual
feature, Tho: specimen consists largely of coarse olivine and contains & small
oavity similar to t;xe miarolitio cavities seen in graniﬁe. Coarse, terminated
crystals of augite project into this cavity end perched on the augite‘ orysta.lé
are some coarse orystals of penninite up to several millimeters scross with the
following properties:s Ny or No ® 1,69, 2V varieble in a single orystal from 0°
to 20°, optic sign positive, birefringence low, color pale bluish greem. The
olivine is releatively iron-rich (F"81.5F°'18.5) and the augite is similar in
composition to the eugite in the surrounding rock. The preéenoe of a cavity of
this Kind suggests that the box work of coarse olivime-rich veins has besen pro=-
duced by reactions along early-formed intersecting joint systems in the rook
brought about by fluids, possibly gaseous, emanating from further within the

&
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Island augite as shown by curve A, figure 9, page 65 of this paper. .
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The olivine sugitite at the southwestern end of the complex also contains

nodular masseg up to a foot or two in cross section of coarse pegmatoid rock

. consisting of ooarse anorthite, olivine, end augite. Some of these bodies have

. ooncentric structure in the core of which is a cluster of ocoarse anorthite - -

-
1
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Cryptic zoning i
The Kane Peak oomplex exhibits the same strong tendency toward oryptic'zoning i
in the composition of its principal phases that the Blashke Islend complex shows.

The following table gives the intermediate refractive index end the probable

" chemiocal ocmmposition of the principal minerals in several sequences of specimens

taken along traverses from within the complex outward to the margins., The composi- "

~tion of augite is estimated from the intersection of the refractive index curves

given by Hess (1949, plate I, p. 634) with the trend of variation found in Blashke

o

Teble © . A | S

Intermediate refractive index and inferred ohemical composition of minerals in

. Kane Peak peridotites and related rooks. Composition given in atomio or molecular
peroent. . :

Rook type and Olivine =~ - Augite . Other
location of specimen Ny Fo Fa Ny Ca_ Mz Fe RNy Composition

A+ Traverse from oenter of complex southwestward to oontact with monzodiorite mass

south of EKane Peak, . L . .
Dunite, center of
complex., 1.676 88 12
Dunite, near grada-
tional contaoct with . . s
augite dunite 1,682 85. .16 . ... A - .

Augite dunite, at o o i )
contact with . ' 4 oy . -

" olivine augitite 1.68¢ 84 16 1.689 . 46 41 14 e

Augite dunite, tabu-

lar mnss enclosed in

olivine augitite ~ 1,689 82 18 ‘ ' ) ‘
Wehrlite from ean oli- e
vine-rioh band with- Lo .

in olivine augitite 1.690 8l.6 185

0livine augitite, a -

few feet from border
.of ocomplex 1,604 795 205 1,692 44 40 16

B R R T L R
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B. Traverss coutheastward along shore of Frederick Sound from within complex
to contact with granulitized phyllite.

Dunite, 1700 feet

from border of

complex 1,67 885 115
Dunite, 900 fest

from border of .
complex 1.675 885 115 o
Wehrlite, 300 feet S T L
from border of come _ PN
plex and in contact

with amphibolitized C :

inoclusion 1,684 79.6 20,5 1,692 44 - 40 16 : \
0livine augitite, '

in ocontact with gran- R - '

ulitized phyllite 1,692 80,5 19.5 1.690 44,5 405 15

Granulitized phyllite, ' . \
in contact with ~ Plagioclase
0livine augitite 1,696 42,5 3756 20 1,567 ADbSO Anﬁo

C. Traverse across transitional contact between auglte dnnite, wehrlite, and
olivine augitite near southernmost outorop of omplex. o
 Augite dunite, 30 ’ R T
feet from olivine , s e Ta
. auglitite 1.684 84 16 ) M
- Wehrlite, 3 feet from I N N
ralati‘voly abrupt . e A
transition into oli- ‘ : A
vine augitite 1.686 83 17 1,688 46 42 13 o
0livine augitite, 3 : ’ I S
feot from abrupt : B
transition inte ' T
wehrlite 1,687 825 175 1,689 46 41 14

.
"‘5
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D. Specimens near imwerd-dipping conteot between complex and hcrnblencnta
gneiss floor.

- Blotite auglitite,

within 20 feet of R ..

base of ocomplex o 1.694 43,5 38,5 18

Biotite lehrzolite, o C

10 feot above base , . Hypersthene -
of oomplex 1,698 775 22,5 1.690 44,5 406 16 1,690 En78 Fs22

Augite-hornblende . .. i - e . .

‘gneiss, estimated to . .. . . el

. be a few tens of feet - -~ S Coa I .

" _belaow contact with ' , ' Plegiooclase .

.* cumplex . 1,696 42,5 375 20 1,667 Ab60 AnBO .

. Biotite-hornblende , A :

sohist, 1,300 feet ] ' o

- from oontact with = . e 3 i Plagioclase -
complex . . ' , ‘ - 1,649 Ab65 An36

3
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To summarize Lhe rclationships shown by the data in table 9, vlivine ranges
from Fogg,5Fa11,5 in the center of the complex to a maximum iron content of
Fo77.5F8zp 5 in the remarkeble bintite lehrzolite porphyry found locally at the
contact with granulitized schist. Augite rangbs from & minimum 11:on content of
13 percent in wehrlite within the complex to a maximum 1ron“oon'bent of 20 perooﬁt

in granulitized schist and phyllite, Plagiocia.se from pegmatoid bodies in the

- augite dunite part of the complex is anorthite and plaginclese in gramulitiszed

rocks near contacts with the complex is of the composition Ab50 An50. Outside

the contact-metamorphic influence of the complex the composition of plagioclase

is Ab65 An36 or even more sodic, Traoel.o(‘ enstatite have been noted in several
thin sections of dunite and augite dunite from 'yri_thin the complex, but at the outer
margin of the complex the orthopyroxene is hypersthene of the composition En78 Fs22.

A distinct oryptio zoning in composition of all of these phases is clearly indicated,

and each of these phases grows progressively richer in its lezs refractory come-

ponent from the center of the 'ooinplex outward. Thus the pattern of variation in
- mineral composition is oomparable to that found in the Blashke Island complex.

lletnndimenwy rocks in contact with the oomplaz

The Kane Peak complex is onclosed in part by metasediments that Buddington

(Buddington, and Chapin, 1929, ‘pp. 163-4) has called Jurassic (?). No fossils have

. been identified in this group of rocks on Kupreanof Island, and the correlation

rests on lithologic similerity and structural relations with rocks from localities

' many miles distant whose age is better established. According to Buddington it is

possible that soms of the Jurassio (?) rocks should be correlated with rocks classi-

fied as Lower Cretaceous (?), end other rocks placed in this category may belong

" to muoch older groups of rocks, Thus the age of the enclosing rocks is doubtfully

, given as Jurassio-Cretaceous. The present report can contribute nothing to the

problem of correleting these rocks, but it was noticed that the metasediments at _;
the northern 'hip of the oomplex from Cape Strait westward fv - perhaps half a mile |

consist mainly of dark to medium: groenish-gray mota-graywacke in thin but per-
siata.nt beds up to a few feet thiek in which roliation is weak or ebsent. South

i
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of the complex the rock ranges from a light gray, distinotly foliated quartz-rich
phyllite to a dark to medium gray quartz-biotite schist with nodular: porphyro-
blasts of muscovite., The complex may therefore be in contact with two rock units
of much different age, but since both lithologic types fall \vithin‘the range of’
lithologies that Buddington has described as present-in the Jurassic (?) sequence,
the question cannot be settled on the basis of present kmowledge.

Within 20 to about 200 feet of the contaoct with the ultrabesic complex a
decided change can be noticed in the texture and composition of the metasediments,
The texture becomss somewhat granulitic, quartz, muscovite, and much of the biotite
disappear. The plagioclase increases in anort‘t;ito content from oligoclase up into
the labradorite range. Gaernet and augite appear as new phasés, and hornblende
becomes very abundant in some of the rooks. lLooally the rock is shot through with
irregular streaks eand zones that approach a geabbroic texture and appearance. ' The

extent and intensity of contaot metamorphism is not as great as around the Blashke

Island complex, but it is very sppreciable, ~

Intrusive rocks in conteot with the complex
In the vieinity of Kane Peak the complex 1s in contact with an intrusive

mass that extends several miles to the west. According to Buddington (Buddington

and Chapin, 1929, pp. 192 and 204-5) this mass is dominantly of mopzodioritie

character, but Buddington noted a facies of this mass near its contact with the

ultrabasio ocomplex that he described as a peculiar variant of the normal monso-
diorite encountered in southeastern Alaska. This facies he called a hornblende-

pyroxene monzodiorite, and asoribed its variation from the normal biotite-horn-

. blende ;nonzodiorite to réaction with the ultrabasic mass,

A speoimen selected as representative of the monzodiorite body unaffeoted
by proximity to contacts with other rocks was collected at the edge of the mapped
area shown in figure 18, page 210, near the summit of Hunt Peak. This roék is ~

e medium-grained phanerite with an equigranular, allotriomorphic, granitoid 4taxture.j

-
*
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Plagioclase of the epproximate composivtion Ab70 An30 comprises about 40 percent
of the rock. Mioro::nne nakes up perhapes 20 perocent of the rock. Five to 10
poercent quartz is present. The prineipal dark mineral 1s a dark green hornblende
that makes up about 20 percent of the roock. A pale greenish-brown biotite com-
prises about 10 peroent of the rocke Apatite is the oniy important accessory and
a minor amount of secondary epidote is present, | o '

Within 50 yards of the ;ontact‘or this mass with quartz-blotite schist south
. of Hunt Peak, the rock takes on a strong gnelssic ctructur_e owing mostly to a
.preferrod orientation of h;mblend;, mioa, and roldepa.r' grains, but partly to a
slight but distinoct cataclastie texture, In this rock microcline is absent and
the pla.giodlu.se is a sodie oligoclase, Y_Epidato is abundent, both secondary after
plagiooiuo and in coarse primary grains. Titanite ia' an sbundant acoessory and
both biotite and hornblende are more abundant than inm the rook oharacteristioc of
the m‘ss, represented by the specimen from Hunt Peak. ,Oniy a minor perocentage of
‘qua.rts is present, o | '

An entirely different facies of the monzodiorite appears near its contact
with the olivine augitite border zone of the ultrabasic complex. A specimen
colleoted 3 feet from a sharp, planar contact with biotite-olivine augitite con-
g8ists of about 60 percent plagioclase feldspar, AbEO AnlLO,‘ 30 percent augite, and
5 percent each of hypersthene and biotite. The minerals of the rock are notably
fresh. The texture is medium fine, hypidomorphio-granular, and‘somwtmt diabasice
The total absence of hornblende is conspiouous. The specimen desoribed by Budding-
ton as hornblende-pyroxens monzodorite may have been taken farther from the contact
with the ultrabasic rooks and represent a transitional facles between the rock
in contact with the ultrabasic rocks and the typical monzodiorite,

A' dike about 2 feet wide is exposed(for some yards in the bed of the stream
draining the tarn south of Kane Peaks The stream follows a fault zone that outs
the oomplex, Within this fault zone the rocks of ths complex and also the meta-
sedimentary roocks in contact with the eomplex show sonsiderable shearing and shatter- |

!
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ing. Closely spaced sheeted joints are conspicuous. Howsver the dike appears
to be unaffected by this dist;rbance and is thus later than the fault that outs
the complex, The dike rock is’ a medium-grained, equigranuler, hypidiomorphie
quartz diorite consisting of plagi&olase, about Ab70 An30, abundant quarte,
hornblende, biotite, and titanite. The rock is nearly half hornblende, and the
hornblende displays a strong tendency tuvg.rd 1di§morph1m. The titanite is un-
usually coarse and abundant, Muscovite and zoisite are common alteration products.
A very small amount of microoline is present. Some thin .lamprophyre dikes are
also present in the fmult gone, If the quartz diorite dike is related to the
monzodiorite mass, as it well may be, it establishes the complex as older than
the monrodiorite and invaded by the monzodlorito.

The actual contact between the main monzodiorite mass and the rocks of the
complex can easily be located within a few feet where 1t outs across the shoulder

of Kane Peak, but it is apparently a zoms of weak rock for its exact nature is

. ooncealed by much orumbling and deep weathering., However the mﬁp relations in-

dicate that 1t ils probably a relatively simple, undulating plane dipping in toward

the ultrabasie maﬁu at an angle of about 76°. The map relations also suggest
that the monzodiorite mass has cut out a part of the border zone of the complex,
for a conspiocuous band of hornblendite bordering the complex at Cape Strait wedges
out along the contact with monzodiorite near Kans Peak. The evidence for the

later intrusion of the monzodliorite is however notoitmolusive. A border rone of

‘ hornblendite is not present along-other observed contacts of the complex, and the

quartz diorite dike may be younper than either the monzodiorite mass or the complex.

However, such as the evidence is, it points to the conclusion that the monzodiorite

his the younger of the intrusive masses. The change in mineralogy end composition -

of the monzodiorite near its contact with the ultrabasic roocks must be aseribed,

: as Buddington has sugpested, to reaction of the monzodiorite magma with tho ultrae

besle roock. The ultrabacic rock seesms to be little changed near the contacts

“with the monzo&iorite except for a tendency for blotite to be more abundant.“

*
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Perhaps the sporadic appearsnce of biotite elsewhere in the peridotites of the
complex and locally in considerable abundance, can be ascribed to the action of

solutions emanating from the monzodiorite intrusion.

‘ Struoture
A mumber of observations indicate that the contect betwsen the Kane Peak

complex and the surrounding rocks dips inward ccnbrlpeiany on all sides, The
' best oxpoauro ‘that hes been observed of the oontaoi; of the peridotite with en-
:olosi.ng rocks ia at the ba.ao of the romant of wehrlite and lehrzolite that forms
the southernmost outorop of the complex. Here the rock of the complex forms an
east-west-trending ledge along a steep north t&lnorthust-facing slope. The dip -
of the contact between the ultrabasic rooks and the underlying hornblende gneiss
may be seen in several places along this ledge to be about the same as the inolina-
tion of the slope, so that the hornblende gneiss passes beneath the ultrabasio
rooi: on tha'u,-hill 1de of the ledge and reappears again below the ledge where

the stream has out down through the nltrabasic rooks. The contact is thus re-

.. vealed over & vertioal distance of about aoo feet to dip inward at an angle of

~about 40°. A high-angle fanlt downthrown on the north separates this outorop
' | from the rest of the complex, and on the north side of the fault the base of the
complex has been dropped below the prasent level of exposure.

The struoturs of the complex may also be inferred ﬁ'qm the ocontast between -
the marginal olivine augitite mass forming the shoulder of Kane Peak and the ocen~
tral mass of dunite, augite dunite, and wehrlite, This contact forms a sinuous .
line about a mile long within the mapped area of the complex. At seversl Iocaliities. .
- along this contact it 1is well snough exposed to permit direot observation of its‘ .

juttitﬁda, and it is seen to dip in toward the dunite core at angles ranging from
' 30° to 658°, The'sinuous trace of this contact upon the present surface is due
to the faobt that the contact surface and the emst-faoing slopes of Kane Peak are
) inolined at the same general attitude so that small deviations in cither surface

. produce considerable irregularity in.the position of the contaot on thb~;nap;
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Map relations and one direct observation 1ndioat§ that the contact of the
complex with the monzodiorite mess on the shoulder of Kane Peak dips southeastward
toward the ultrabasic mass about 75° The monzodiorite mass has been shown to be
probably younger than the complex and poui"bly to have cut out a part of the ocom-
plex along this oontact, but the attitude of the contact may have been partly
oontrolled by the original contact beﬁmen the complex and the rocks it invaded.

Some evidence for this supposition is seen in the faot that bands of wehrlite with-

in the olivine augitite near the monrodiorite contaot parallel the contacts

At Cape Strait the bedding in the metagraywacks near the contact and an in-
distinct banding in the hornblendite of the complex both dip southeastward about
80°®, whioh suggests thet the contact here has about the same attitude.

Near the contact of the complex with gramilitized phyllite at the south end
of the exposures along the shore of Frederiok Sound there are a number of pMel
where the wehrlite and olivine augitite has a slight but distinl:t layered or |
banded aspect. This banding dips northwestward from 30° to 50°.

All the ob?emtion that have been made indicate that the complex is funnelw
shaped at the present level of exposure. The contacts probably dip inward all
around the complex at angles rmgiﬁg from 30° to 80°, The contacts along the
southern and western margins of the oomplex are apparently somewhat less steeply
inolined, ranging from 30° to 50° in dip, while the rather inoconclusive observa-
tions along the northwestern border of‘the complex indicate an inwerd dip of tho‘
oontact of between 70° and 80°. It also appears ?hat the attitude of the bedded
rooks in whioch the complex is emplaced tends to swing into conformity with the
oontact 211 around the complex, :

Some complications in the struocture of the complex are presented by the large
mags of olivine augitite at the western end of the complex. Within the olivine
‘augitite mass there are numerous thin layers or bands of wehrlite and augite dunite.
In a general way these olivine-rich bands in the rock have a synclinal arrangement,
the axis of which plunges eastward tawa.fd the center of the complex. The bands of

-
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olivine-rich rock dip southe;amrd near the contact be‘h;reen the complex and the
monzodiorite mass, thoy flatten and dip eastward just below the small summit en-
closed by the 2,800 foo_t contour on the shoulder of Kane Peak, and southeast of
this summit the bands of olivine-rich rock swing to a northwesterly dip of about
65°. 1If these bands reflect the underlying oconfiguration of the floor of the
complex, they suggest that the olivine augitite mass, which is such a conspicuous
feature at the western end of the complex, oooupies a sag in the eastward-plunging

floor of the complex. The sag or -trough in the floor causes the outline of the

.‘oomplez at the present surface to bulge to the southwest. Apparently during the
" . erystallization of the complex the conditions in this part of the chamber were

" particularly favorable for the formation of a wide border zone of coarse olivine

augitite. ' .
In addition to the bands or layers of wehrlite and olivine augitite that have

a more or less regular synclinal arrangement, there are other dike-liks bodies of

' augite dunite and wehrlite in the olivine augitite. Some of these bodies exhibit

a gtreaky or banded structure owing to the prese;loe of greater or lesser amounts
of augite in streaks or bands parallel to the walls of the bodies. The augite is ‘
in oovarse, detached crystals that are later than the olivines and enclose olivine J
grains poikilitiocally. The augite is not in apggregates or masses. These bodies
are interpreted as true dikes derived from the inner part of the complex before
its ocomplete crystallization, and the streaky distribution of augite is probably
a flow structure.

Aside from the high-angle fault along the south edge of the complex and a

few shear zones noted here and there in the ocomplex, the complex does not appear

L
ially alter its original internal or external struotural relationships. Appar-

ently no strong disturbances u&oompa.nied the intrusion of the .ad;laoent stook of

monzodiorite. The folding and metamorphism of the adjoining sedimentary roocks

" appears to have besn oompleted before the intrusion of the ultrabasic msa.'\

- e -
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Contact motamorphism effected by the complex on the surrounding rooks has been

superimposed on a preexisting regional mtambrphism.

Discussion and comparison with the Blashke Island ocomplex
The rocks and their petrologic and chemical relationships are much the same
in the Xane Peak and the Blashke Island omplexea' despite the differences that
have been noted. The most important dii‘ferenoea are iﬁ the degree of contaof;
metamorphism produced by the two complexes and in their sjbructuro.l relations with
encloeing rocks. Contact mtamrphim‘ a.ndthe oonsequent development of a gab-

broio border zone is much less intense around the Kane Peak complex. The Kane
Peak complex has been rather definitely established as having funnel-shaped, ine-

ward dipping contacts with enclosing rocks, and the Blashke Island complex is
surmised to be & stoep-malled oylinder that, if anything, passes into a steep
domal structure mear the present levai of exposure. Novoréholou both masses
consist of a core in which forsteritic olivine is the major phase and outer zones
in whioh augite becomes increasingly abundant to the point of becoming the major

phase. In both complexes the major phases exhibit cryptie zoning in composition,

" and the pattern of oryptic toning is closely parallel.

There oan be little doubt that the genetlo processes. operating in both com=-
plexes were essentially the sames and that the differences between the somplexes

are due to looal variations in the conditions under which the genetlc proocesses

' operated., The structural differences in the two complexes effectively eliminate

ja oommon genetlie process in which the external structure of the complex is a major

factor. For example, the origin of the Blashke Islend oomplex through a process

of fraotional orystallization and the setiling out of the earlier phases vmn:dis-.. '
" ocussed and re jeoted because it did not explain the conoentrio, steep-walled cone- )

. figaration of the complex, The configuration of the Kane Peak somplex makes it

.augitio border gones of the complex underlie the olivenic core, and if orystal
settling had operated to produce the, complex, augite would have had to crystallize | :

¢

LI
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'all the more necessary to dismiss this hypothesis from oonsideration because the . i
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first and settle through en olivine-rich liquid. This contravana; physicale
chemical and petrographic knowledge of the seguence of orystallization of these
two phases. Furthermore the ‘cryptio zoning in the composition of augite and
olivine puts the more iron-rioh and lower temperature members of both 1somnrpho£l
series at the base of the Kane Peak complex with the more megnesian, higher temper-
ature olivine and augite higher up in the complex toward the core, This is the
opposite of the relationships found in stratiform complexes in which crystellisza-
tion differentiation has been most clearly demonstrated to be the effective genetic
proocess,

The same objections that have been applied to other methode of origin in the

discussion of the Blashke Island oomplex‘;pply'with equal force to the Kane Peak

' oomplex, and the ring dike hypothesis is rendered even more untenable by the cen-
tripetal dip of the floor of the Kane Peak complex, The ring dike mechanism calls

" for outward dips of the intrusive ocontacts. -

The essential feature that the two complexes have in common is the relation-

ship of rock types and mineral composition to the intrusive oontact, end this re-

. lationship is shown to be independent, at least to & very substantial degree, of

the attitude of the intrusive ocontaot. Thus a process is oalled for that is re-

" lated to the contaot in & way that is substantially independent of its attitude.

. The hypothesis that has been outlined to explain the Blashke Island complex, ine

volving both diffusion of components along toﬁpertturo and conoentration gradients

and the bulk migration of components in solution owing to a building up of fluid

. concentration in the cooler regions of the complex, is ths best that the present

author can offer to explain the essential features that both complexes havoiin

‘. common,

It now remains to explain the important differences between the Kane Peak
ocomplex and the Blashke Island complex in terms of the hypothesis of origin that
has been offered. The really significant difference 1s the absence of an exten- -

'sive gabbro ring and a broad rons of intense thermal metamorphism around the mar-

‘ gins of the Eane Peak complex. ITwo reasons for this difference ocan be ;ffered..

1

E



_ that the outward mizration of solutions and the possible interchange dy diffu-

L4 i .
" 8ion that has been called upon to explain the gabbrovization of the rooks sur- ’

o entirety. ,the Kane Peak complex may pass downward into a feeding conduit that

indefinitely without a basined floor. The suggestion of globular form is nothing
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The first is based on the structural differences in the two complexes, and is

rounding the Blashke Island complex may have had a strong upward a§ well as oute

.- ward ommponent, thus the walls of the Kane Peak complex, flaring away from the .

lower sources of fluids and thermal emergy, wWould escape the effects to soms .

-degree. It is perhaps significant in this connection that the thiock hornblendite .

marginal zone, which probably approachees gabbro in bulk composition, is looé.ted '
along the steep-walled side of the Kane Peak complex,

The Kane Peak complex and the Blashke Island oomplex may expose different

" levels of very similar ultrabasic intrusions., The Kane Peak complex may expose

a section mear the floor, and the Blashke Island complex a section near the middle

or toward the roof, of »bodiu' that were essentially globular masses in their
But

~ extends to plutonic depth, and the Blashke Island complex may extend downward

_ more than a suggestion and is not essentj.al to the hypothesis of differentiation

that has been offered,
The second suggestion that can be offered may combine with the first to -

explain the lack of extrems thermal metamorphism around the Kane Peak oomplex,

| The Kene Peak intrusion may have not had as much thermal energy as the Blashke -
- Island complex when it came to rest in the place in which it finally solidified,

" the magma may have lost more heat and volatiles in reaching its final position

and thus contained e higher percentage of orystalline material in suspension at a

lower temperature. The process of differentiation would therefore not have been

"carried to the degree of perfection seen in the Blashke Island oomplex, A large

_dunite core au‘bsta.ntié.lly free of augite would not so readily form and the outer

sone of augitite would not be so wide and porfect, Certain peculiar contect facies .

of the peridotite c oh as the blotite lehrzolite porphyry might bo the result of
partial chilling and arrested reaction along the margins of the complex.,
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On the whole 1% appears that the differences in the Blashke Island and Fane

T

Q - Peak complexes can hest be explained in terms of the influenoce of structural dif-

: ferences at the respeetive levels at which the “two intrusions are oxposged on ‘an

A

essentially identical process of differentiation. In this author's not altogothor -
impartial view, a comparison of the oom;ﬂ.ma adds support to the hypothosla o!'

- '

... ' differentistion that he has offered to exple.in then. The Kans Peak oomplex meritl

P -1

. mrther detailed study. - S . f: A
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- Notes on the Mount Burnett ocomplex

Q The Mount Burnett complex is a conpoai‘bo mass of dunite, wehrlite, augitito,
hornblendite, and gab’bro 1ithologically similar to the Blashke Island and Kane {
- Peak complexes, The composite mess is abmxt 7T miles long and 1 to 2 miles wide - k‘
rand extends from the east shore of Unioxf Bay on 01m1;nd Peninsula eaitmrd to
within a few thousand feet of Vixen Creek at the head of Vixen Inlet. An un-
<mown, but probably minor part of' #he complex is concealed bena;th the waters of
Union Bay; A view across the Mount Burnett complex is ah;nm in plate 4, |

Buddington published a brief peﬁrographic descripﬂon of a facies of the

sugitite present along the shoro of Union Bay (Buddington end Chapin, 1929, pp.193-4).
George C. Kennedy and the prosont a.uthor have described the exposures of tho

. complex along the shore of Union Bay at the western end of the complex and on

. Mount Burnett at the oastex:n end of the complex (Kennedy and Walton, 1946, pp. 86-1

~ .‘ 83). A few days were allotted at the close of the Qaason during which the preien‘b

Q, ., .'f k invutigt’tion was made to reconnoiter the pentral part of the complex between T

| ' Union Bay and Mount Burnett in the hope that some additional observations here
:vrould establish the essential structural outlines of the complex and afford -

. .' basis .fa;' comparison with the better know. Blashke Island and Kene Peak complexes.
The oentral part of the oomplex forms a precipitous ri;lge ranging in altitude ‘ &

~ from about 2,000 to about 3,000 feet and .unfox"tunaboly the reconnaissance of this

| ~area had to be oarried out for the most part during a prolonged storm that reduced
. . ._ : visibtility to a few yards and made effeotive mapping all but impossible. There-
.- fore the geologic map pu'bli:hed by Kennedy and Walton (1946, plate 22) is repro= - .

e F

‘_ duoed here as figure 19, page 228, with e few revisions and additions. Tho’

. pruent acoount summarizes some of the previous investigations, adds e few addi-

-

-
“tional observations, and makes some limited comparisons with the Blashke Island
. /o i
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and Kane Peak ocomplexes. ‘ : o ‘
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The Mount Burnett complex is, in many of its essential features, very
t similar to the Blashke IaJ‘.and and Kane Peak complexes, although there are ra jor
- structural differences. . ‘The major roock units of the Mount Burnett complex ura,k
as in the other complexes, dunite, augite dunite, wehrlite, olivine augitite,
homblanditg, and gabbro. Some minor wvariants not noﬁed $n the other complexes
: are; augi:bita or diallagite, free of olivine and ohmmriz;d by abundant acceg~ |
‘ "‘ sory 11menite a.nd some spinel, amall ;ogtogations of chromite renging from clus-
ters of a few chrlmite grains up to a mass estimated to contain about 25 tons of
- massive chromite, and thin bands up to an inoch or two thiok of ilmenite and mag-
netite, \

‘ The ocontact relations between the major rock units are in all respects
similar to‘the. contacst rehtioﬁs be';waen analogous units noted in the other come -
ploxea; and it is importent to note that although the Mount Burnett complex is
several tim,s“lon_ger than its average width, in contrast with the more or less

‘ circular plan of the other complexes, the olivine-rich rocks form tl-mp internal

‘ | elements of the complex and a;-e rimmed i:y successive shells of progressively more
siliceous and less magnesian rook, wherever a sequence from the i:;terior of the
complex outward has been observed, Kennedy states, At every place where con#e;ct
‘relations were observed, pyroxenite of the margix‘ml‘ gone was bordered on the outer
side by hornblendite, At no point was dumnite noted in contact with hornblendite,
nor was dunite or pyroxenite in oz;:;te.ot with the surrounding schists and phyllitqs

of the Wrangell-Revillagigedo belt of rooks." (Kennedy and Walton, 1946, pp. 81,

}

82,)
, The structurs of the Mount Burnett ‘oomplex is most inadequately known except
for the fact that olivine-rich roci:'a forming the internal elements are rimmed by

" suocessive shells of pyroxenite, hornblendite,.and gabtbro. In the vicinity of

" Mount Burnett irregular masses of wehrlite and 0livine augitite are present well

within the main mass of dunite and it is conceivable that these represent roof |
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pendants of an irregular shell of pyroxenite that has been larpely eroded from
over the dunite. The reconnaissance carried out during tho present investipation
shows that in the central part of the oomplex, between Mount Burnett and Union

Bay, dunite is overlein by sucoessive layers of olivine augitite and gabbro with

moderate southerly dips from the center of the complex southward., A section from -

south to north part way aoross the complex near its ocentor gives the following
sequence; gabbro with a strong gneissic structure dipping .‘..n a southerly direction
30° to 36°, olivine augitite with streaks of wehrlite and augite dunite dléping
in a southerly direotion 25° to 35°. (see plate 15),dunite with streaks of augite
dunite and wehrlite dipping conformably with the overlying olivine augitite. Wo
observations have been made that give any indication of what the structure is
north of the dunite at the base of this sequenoe,,although it is known thet éyrox-

enite is present along the northern margin of the complex and around the eastern

}end. Two possibilities suggest themselves; either the southward dipping layered

structure continues and the pyroxenite underlies the dunite, or the dunite is the
core of a domal structure and the pyroxenit; overlying the dunite arches over the
dunite and reverses to a northerly dip along the northern borders of the complex.
The overall structure of the complex, as now envisiaged on the basis of incomplete
information, is that of a steep-sided, roughly domal mass of dunite with successive
shells of pyroxenite, and hornblendite or gabbro, or both, in the area of Mount
Burnett. This core of dunite narrows to the west and passes beneath a roof of
pyroxenite and gabbro as an elongate, plungmg, domal body, or else the dunite
passes into a tabular, sill-like mass extending to the west and tilted to the south,
both overlain and underlain by pyrazenﬁo and gabbro.

Perhaps it is premature to make any gensralizations about the Mount Burnett
complex on the basis of inadequate information, but enough is lmov;n to make 1t
certain thet whatever the structure may be, it is different in important respects
from both the Blashke Island and EKane Peak complexes, In the Blashke Island oom=

plex the oontacts between successive shells of the complex and with the enclosing

3
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rocks are essentially vertical. In the Kane Peak complex the oontacts dip' inward
all around the ultrabasic mnss, and the outer shells underlie the dunite core. K_
In the Mount Burnett complex there is adequate evidensce to show that in mmo~ places
the outer shells of the complex overlie the dunite, Thus, the Mount Burnett come '
plex givos further support <o the view that tho proocu of differentiation 'by
I’hioh these oomplexes came into being is to a oonsiders.blo extent independent of
struoture, -

It has been suggested that the lésser development of a gabbroic outer zone
and the lesser intensity and extent of granulitioc contaot 4metax;orphim in the
snolosing rocks of the Kane Peak oomplex as compared with the Blashke Island
complex are due to the enclosing rocks dippi..z}g beneath the Kane Peak ocomplex at
moderate to high angles, In contrast it is notable that there is a well developed
gabbroic shell in the Mount Burnett complex in the places where the outer shells
overlie the core of the complex. At the south end of the exposures of the rooks:
.of the Mount Burnett ocomplex ;;long the shores of Union Bay particularly striking
evidence may be asen for the gradatioh of hornblendite into gabbro.and gabbro
.1n'bo granulitized schist and phyllite over a distance of several thousand feet.

The fragmentary evidence ‘provided by preaénfh knowledge of the Mount Burnett
complex suggeste- that the genetic process was similar to that in the Blashke

- Island and Kane Pegk complexes, modified by differences in the structural con-

ﬂguration assumed by the intrusion at the present level of exposure.

t
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Plate 2, View across central lagoon area of Blashke Islands taoward the east, °
The tido is at a2 moderately low stage exposing about 16 feet of bare rock up
to high tide line., Inshore relief is low, the forest cover is thiock, and

. rook exposures are poor;‘.ﬂigh mountains in far background are on Etolin
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Island,
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Plate 3, View northeastward aoross part of the Kane Peak ultrabagic aree,
Kupreanof Island. Kane Peak is at the left. The bare rock mass eiposea in
the Genter 1s composed of olivine sugitite, wehrlite, and augite dunite.

The large body of water in the baoﬁground is Frederick Sound. The mountains
in the far distance are the Coast Range on the mainland;4 The white dot at

+

the far edge of the lake is an 8 fo

ot square tent,
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Plate 4, View eastward a.orona- the Mount Burnett ultrabasie arse, Cleveland

Peninsula. The roeks in the foreground are mainly olivine augitite with thin
'_ layers of wehrlite and augite dunite dipping southward about 30 degrees.

The bare rook mass in the background is i&ount Burnett, consisting mainly of

.- dunite.
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Plate §, Augite dunite dike about 4 inches wide cutting sharply acroes
coarse olivine auglitite. 'l‘fw white material encrusted on the rock is

barnacles. The dike, which weathers ou*-; in sharp relief is rep?enented
by speoimen 133A, item 34, table 1. It oconsists mainly of olivine and .

soerpentine derived from olivine with 5.9 percent of augite by volume.

. ,
e p B et e v

243



L s L s [ Wi . Y el L L LR R > Fa———

’
IS
- -t
'
R ek LI 2

Lim e

-

< X et 4 e

e A

I e R L S CRIC P

PRI W

-

e e e ane

P PR

Plate 6, Coarse augitite and olivine augitite dikes cutting massive dunite.
This photograph was taken at the Mount Burnette area on 0Oleveland Peninsule.,
but similer features are well displayed on the Blashke Islands, Photograph
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by George O. Kennedy. .
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' Plate 7, Goarse gabbrole pegmatite dike cutting olivine augitite, The
dike rook consists of coarse 'mnorthite (An96) with minor augite, hornblends,
and other mafic minersls., Photograph by George 0. Kennedy. L
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336, item 99, table 1., These :.maaos-appear looally enclosed in coarse
olivine augitite,
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Plate 8, Small ma'seﬁ of coarse gabbroio pegmatite congisting mainly of -
‘anorthite (An93) with sccessory olivine, augite, and hornblende. Specimen
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" Plate 9, Irregular boxwork of coarse gabbroio pegmatite veins consisting

olivine sugitite. This locality is at the Xane Peak ultrabasic ares on

Rl e

Photograph by George C. Kennedy, .
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Kupreanof Island, but similar features are displayed on the Blashke Islends.
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T Plate 10, Banded gabbro showing a patterxi of gweeping ourves interseoting

- R "of late hornblende in bands and streaks through the rock. A nearly vertiocal

' 2 Joint surface forms & step in the outorop about three quarters of the way “

| " goward the top of the ploturs just below the six inch rule shown for soale.
This vertioal exposure shows the dip of the structure whioh is steep, approz-:
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imately 76 degreess : e o
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and oconverging at small angles, This structure is formed by the conocentration
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7 Plate 11, Banded gabbro exposed on a nearly vertical surface showing a f

. ) ] steeply dipping set of vonrving bands transeoted by another set of leas

o | .'!':nply dipping bands, The banding is formed by the ooncentration of late

' | hornblende in layers and streaks through the rook. Pure white streaks and
patches obsouring some of the bending vm‘clns’cer.s of barnacles, Pbotoggaph
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by George O, Kemnedy.. =~~~y
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Flate 12, Intrusion brecoia at a ocontact between gabbro and hornreluo@

country rock. ’rha lgghhoi;cblbraﬁ ign.bbro' Qnoioses and veins numerous
angular blooks and fragments of hornfelsed country roo)i. '
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memttoe ' ?late 13, Coarse gé.bbro cohtaining numerous rounded to angular inelusioﬁa‘ :

R of oountry rock that have been mtamorphoaed to & hornblende-rich a.ugito;
’ ‘plagioolase grapulite, - A mafic dike of the beerbachite group outs both '

" " inclusions and gabbro, The dike has approximately the same mineralogy aad

o composition as the grammlite inelusiems. - . . . L
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" Plate 14, Fault breccia consisting of fragments of dunite and augite dunite
) .- 4n & matrix of pulverized and serpentinized peridotite, This breccia was ' .
-« . " produced by faulting along the western and southwestern borders of the
‘ R peridotite mass., The faults and shear zones a;o in general steeply dippinge
’ " The geologic relationships show up to more than a thousand feet of horizontal
B : displacement. Sliokensides in some fault zones have strong vertioal components
_ and vertiosl displacements of the order of megnitude of the horizontal dis- -
.\, "~ > plecements may have taken place. - ;
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Plate 16A. Wehrlite ocon-
ar g

taining poildlitic wsito'f‘ff

enclosing olivine grains

in random orientation. The'
olivine shows traces of i,,
crystal form. Specimen ‘1»
190, item 40, table 1. -
m. e ;
. : L
. . ).;'A, a2 e . iAL |
Plate 16B. A rounded gratn ’
: of olivine cnclonedvin N S
."augite from olivine sugl- :"[; |
- tite. Specimen 137, 1m.!’_j,ﬁ
| 76, table 1. XS0, Ig"‘ .
ol
- 1 ‘33.&5‘;\‘3."-‘:I§?}:'§?§e‘2
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FPlate 17A. Hornblende
pseudomorphs after augite .

N

enclosed in olivine., An

unreplaced remmant of augite

et e e s Ty

is shown at extinction in
the strongly flluminated A
grain of hornblende. Speoi.‘-:

- .

‘men 261, item 80, table 1. . |

ol = olivine, a = gugite,: :
h = hornblende, X150, :

Crossed niochols.

~ ",

. ¢ Plate-1TB, Rounded grain -~

R -~ of augite enclosed in

) "." olivine, Specimen 216, hf

. " Atem 83, table 1, frm i

‘. olivine-poor augitite near '

. the ouber mergin of the .

- . oomplex. X150s Crossed

.“" ‘nicholse’ o .‘ .
o
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. " Plate 18A. Primary horn~
&lende of an unusual vare

s

iety displaying pleochroisn cdnia

in brownigh-pink to pale .
green enclosing grains ef | :
olivine in an uncormon tmi;;'
of wehrlito. Specimen 133B,
item 45, table 1, X20,

Crossed nichols. ol = |

olivine, h = hornblende,.

e

crte Crmcimmperiene -, e

. .- ’

' .‘blondo encloszed in olivine
. from olivine-ponor augitite
T ;:a.h the outer ocontaot of the
augitite with gabbro. Traces
. or.gra.phio opaque exsolution
.' lamellas may be seen in the ol
“wine as described on page 61,
Speoimen 216, item 83, table
1. X50. Plane light.

ol & olivine, & = augite, 3

v

Ve .

v . " “Plate 18B. Primary horp- . .|

‘ : " h £ hornblende, and op =

opaque exsolution lamelle.

.




»'liﬁio olivine augiti%o

Plate 19A. Relatively

fine grained dike of wehre

outting augite dunite,

The dike 15 only 1.8 mm- -

wide but 4s contimous in

" bachite dike containing

_ olivine, and augite pheno-

-

“ augite, p ® plegioolase,

 men 334, item 105, table 1.

~outerop for several meters.

- Plate 19B,

‘groundmass of granular

-

X30. Flene light- !
0ol 8 olivine, a = augite, .

and & = gerpentine,

.

0livine beer-

orysts and hornblende

poikilocrysts in an aplitie

olivine, augite, and plagio=
clese, 0l ®= olivine, a'»

snd h » hornblende. Speci-
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A, VT

X350, Plane light., This

dike ocuts coarse olivine
aun glti‘ka. ’
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' Plate 20A. Hombléndi‘he
@ voerbachite aixe that cute
coarse olivine augitite.

The dike eonsists of an
aplitic aggregate of horne
blende with a 1ittle inter- E
stitial plagioclase and mnor
amounts of augite and hypex'-'v
sthene. .Specimen 99, item
112, table 1., Analysis,

mode, and norm given in -

column P, table 2, X30s ‘. - — i
; S T ST L S S
Plane 1ight. . . T T
- h ' A \. . . \ .
[ ) R - ——
Plate 20B., Dike roock ’

. | consisting of diopsidic - .;ﬁ,“;
‘ augite and endradite garnet
" with minor penminite, owb-
i ting olivine augitite,
a - auéite, g = garnet,

‘and ¢l ® chlorite (pen-
.. ninite). Specimen 330,

v

i1tem 103, table 1. Analysis;.

Coe mode and nom given in

o oolumn M, table 2. X50.

0

Plane 1ight, -
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. : oontaqf metamorphosed fossil
‘concretion, or anvgdnh i ? B
T str?mgly mtaﬁotfhosod :
oountry rock near direot {
. ocontact with ulivine engie e
: :‘ tite. p = plagioclase, ‘
. & = augits, Specimen zao;‘g}
© 17 ‘ttem 187, table 1. M0, °
o .,’.'le 11ght, i ,'?’T . \
‘» c r . ) e v L -
"-. . .. Plate 21B, Gramilite frmm .= D (S
"% . matrix of rook oontaining tho ot - -
' L ".x.'elio’c shown in plate zuf : - - :’@Z%&.{
- Relatively coarse poikilow -;’.,'1“, 2 T ’ i
T _ orysts of iron-rich olivine A
‘ (hyalosidefite) associated }
o 'vrith ‘blotite characterize ‘
‘ “this 'roolc_. .Orthoclase s prq{
" sent along with plagioclase j
k * and augite. ol = oliv"ine, fw
. . bi = biotite, a ® sugite, :
. ' . P = plagloolase, ASpeo.'unan" *;
‘ " 260, item 168, table 1, | | , :

Flate 21A. Simple granu-
litic texture shomn by a

B I W NS SOy

R 1150. Plane light,

B I oy Y, R oY s




Plate 22A, Matrix of

granulitized conglomerate
in contact with & wehrlitio

o o
A e

PRV SR

TS 1

P

. contaoct facles of the ulwk
T basio oonéhx. ol = 011"1“,»
" (hyalosiderite), s w ;ugih.
bi & blotite, p = plagio- “

' . olase, and ap = apatite.
Specimen 368, item 162, - -
‘table 1. X180, Flane ';

Flate 22B. Inclusion of
~oountry rock in 0livine

.. augitite. The inolusion

" has, been oonv;rhd into an .,

. eggregate of olivine, hy- -:»,'
persthene, and hornblende

‘with & 1ittle calcle plagio

- olase. ol ® olivine, hy

. :Specimen 284, item 143,

" “table 1. X30, Plans
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’ Plate 23A., Coarse poildle
Q | itio olivine enclosing hom-z
‘ blendo- and augite frum an
e 1n°1ua.i§n of country rock - _|
" 0 in a gabbrofe streak within

o strongly granulitized country
rook near a contaot with

e B

peridotite, ol = olivine, ;
a = dugite, and h = horn- .
blende, Speoimen 368, item

PESvREY

' 145, table 1, X160. Plane

‘1ights .

oy

v

- i‘. - PFlate 23B, Chromite orystal

-

! ‘' 4in typloal serpentinized

» T .
.

"7 . dunite., The serpentine ‘showg?

ST a strong preferred orienta- 3

g

. H . . }

. «. _ tion with the optical di-
"+ rection X perpendicular to ; 4

. %

, the faces of the chromite g

A

".* - .erystal, ¢ = ohromite, ol ®’

© .-+ .'olivine, 3 = serpentine,

) ;l‘. §peoimaﬁ 315, item 6, table |

- ;
1. X150,  Plane light.
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Plate 24A. Rounded grain
B of anorthite enslosed in
' AAolivinb from olivine mgﬁ-'
tite. Specimen 216, item
63, table 1. X160, .
"Crossed .nichoh. : \‘
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* Plate 24B, O0livine partislly
SO ~ enclosing anorthite with no 1'
.+~ - trace of oorona development

|

. " from a coarse gabbroic pegma.
e ~ ‘" %ite mass in olivine augitite

N

1" ., - FNots the angle of pericline

N

t'lrinning against the 001 ]
.N . ‘.I_ologvago. X150, Croued' | ;
| . nichols. Speoinen 244, - ]
tem 200, tmble 1u - ﬁ(‘
. . - . .

-

‘;.
£
f.
\2
g
k.

ema, o
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‘\ | Plate 26A, Opaque exsolu~ 6
tion lamella with a fine
graphio pattern ina . .
‘ shattered and partially
. serpentinized grain of
.. olivine, Lamella crénloa -
; |

the _zefpentlnizid fractures :
" . 'without interruption, X160 '
. Plane 1ight, A similar ‘

i

feature is seen in plate 188*

T mrmEd Yo b

Flate 25B, 0livine en-

&
’. \ .
5 .
e
.

olosed in ocoarse anorthite |
from a gabbrolo pegmatite §
that also contains olivine %
_enclosing anorthite. o
. (Plate 24B). Specimen 244, “

., item 100, table 1, X180, °
Plans 1light,

s e it 3
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.\ Flate 26A, FKoswite, a ’{f

rock oonsisting of olivine

o and augite in a sidoronitie . ..

7 matrix of magnetite with a ‘
‘ 11ttle pyrite, Spéoi.mn |

.. 410, item 95, table 1. |
. XBO. ' Plans light.
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"+ . Plate 26B. Gabbro with

o coronas of pale amphﬁro].. .

- '..‘ . ,surrounding both olivine 3
| _ “-. and augite 4n oontect with ‘ ; :
" .‘ plagioolass, ol = ol}.ﬂno,. T ;%
A | .., ® = sugite, em = anph.';bole,'~. s;";
, . . ‘and p ® plagioclase, :

" Specimen 220, item 120,

‘" table 1. XBO. leo'nglfc".
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.~ Flate 27A. Gabbro with

.. ooronas of pale amphibole

surrounding olivine and
‘augite in contact with
plagiodlase. Gpecimen

s TPl i G ek

SN
219, item 119, table 1. ?
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Plate 27B. Gabbro with
E) - N
’ : -
. ¢ i
o coronas similar to those
' * L

" in plates 26B and 2TA.

/
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' . Spooimen 308, item 13%,
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&

" table 1, 50, Plass
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Plate 28A., Coarse ollﬂnﬂ.é‘q}'i
in gabdbro 'lr.ith partial |
coronas of’ pale amphibole, % ‘.

' hyperathoh;,.ind magnetite '
locally in a praphic imter-
growth, The olivine is later

:

than the plagioclase and
contains inclusions of -
plegioclase. Specimen 142,
item 118, table 1. 280,

- Plane light,

* Plate 28B, Coronas of
_augite surrounding hyperl.-:‘
thene enclosed 1n poild.io-»
c}yats of hornblende, '

+ & » augite, hy = hypersthene,

she hornblend;; As.pooimon‘
347, item 123, tadble 1,

- X150, orossed nioholse .. . .
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